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BMeCTO npeAMCAOBMfl 


HecMOTpn na to hto noHTH BCHKaa Kiiwra no nporpaMMupoBamno uaMii- 
naeTcn c npeAHCAOBiia, oho noMTii BcerAa ninueTCTi nocAeAiniM. JXm aB- 
Topa khhtm oto nocjieAHnii rnanc onpaBAaTb (xota 6bi j\jm ca\ioro cc6a) 
h MeJiKOCTb TeMbi, h y6orocTb cthjih, h OTcyTCTBiie /iiiTcpaTypnoro Ta- 

jianTa. 

Byaew necTHbiMH: npeAHCAOBiifl numyT ne nun roro, MTo6bi hx MiuajiH. 
3to eAHiiCTBenHoe MecTO, r^e mo>kiio nonbiTaTbcn y6eAHTb noTeimnajib- 
noro HHTaTejia noTpaTHTb CBoe BpeMA h cboii Aeiibni na Kiniry a o toio, 
Kai< oh noHMeT, hto owh6ca. KocBemio nepejioxaiB tcm caMbiM otbct- 
CTBeiiHOCTb 3a Bbi6op na Hero. 

Abtop y6oKAeri, hto 3to ne HMeex inniero oomero c xiopajibio, n 110- 
3TOMy OTKa3biBaeTca ot jioachmx oiipaBAaiinii h nycibix o6euuaiiiiii. /la, 
on nucaji KHHry ne 6e3 yAOBOAbCTBiin, no bp>ia mi 3to mo>kct cjiymrrb 
bccomoh peKOMeiwauHeH. EAMiicTBeiiiibiH coBex, Koropbiii on Moxcex 
npeAJio>KHTb, - o6paTHTbCH i< orjiaBJieimio, Bbi6parb J1106011 pa3Ae/i n no- 
npo6oBaTb noHHTaTb. riepBoe BneHaT^eiine o6bi4iio n caiuoe Bepnoe. 

BnpoMeM, oaho aoctohiictbo y npeAHc;ioBioi Bce-raidi ecxb. B new 
aBTOp MO>KeT Bbipa3HTb cboio 6jiaroAapnocTb xeM, kto baoxiiobiui ero 
na lianucauHe khuth, kto noMoraji eiuy ACJibiibiM cobctom haii Ao6pi>iM 
yMacTHCM, ot i<oro on noAynaji noAAep>Ki<y. 

He B0Cn0Ab30BaTbC^I 3TOH B03M0>KII0CTbl0 6bIJ10 6bl BCpXOM MCpCTBO- 

ctu. Abtop npii3naTejicn CBoeil ceMbe, b ocooeiniocni BejiuKOJieimoMy 
JlaMHKy, no, KOiieHiio, 6ojibiue Bcex - icpouiKe Py. 


BBeAGHne 


IlporpaMMHpOBaHHe 6oraio ajiropuTwaMH h cipyicrypaMii Aamibix, n co- 
BpeMeHHbiii nporpaMMHCT AOJDKen BJia/ieTb 6ojibWHiicTBOM H3 mix. Hjih, 
no KpaiiiieH Mepe, HMCTb o mix Acnoe npeACTaBAeime. 

JX a, nejib3H o6T>HTb neo6i>aTiioro. PI Bee >Ke edb iieiciiH MimiiMy m, ko- 
TopbiM, na naui B3rjiHA, AOJiacen BJiaAeTb bchkhh nporpaMMHCT, i uo6bi 
CHHTaTbCH npo4)eCCHOHaJIOM. 

B (J)H3HKe H3BeCTeH BTOpoii 3afpil TepMOAIIliaMHKH. B C3MOH npIIMII- 
THBIIOH (J)OpMyjIHpOBKC Oil nOCTyAHpyeT IieB03M0>KlI0CTb Be^moro ^BII- 
raTeji^i: KaKHe 6bi yxumpeiiHA na\in iih npe/mpiiiiiiMajnicb, neB03Mo>Kiio 
nanpaBHTb bcio HMeiomyioca anepniio na nojie3iiyio pa6oiy; nacxb (n no- 
poH 3naHHTejibiia^i nacTb) aiieprini iieii36e>Kiio 6y/ieT TepaTbca. Konewiio, 
3aKona coxpaneiiHH aneprHH hhkto ne oxMemui: caMa no ce6e aneprmi 
HiiKyAa lie nponaaaeT, ona nepexoAHT b Apyrne (|)opMbi h pacceiiBaeToi 
b Bime Tenjia. PlMemio no3TOMy KUJX aio6oio ABiiraxejm Bcer^a cxporo 
MeiibLue efliiiiMUbi. Sneprua, kotopoh npnimnnnajibiio neAb3n Bocriojib- 
30BaTbca, yBenHHHBaeT xaoc bo Bce/ieimon. KojimiecTBeimoii Mepoi'i axo- 
ro xaoca (hjih neynopflAoneiiiiocxn) b xepMOAimaMiiKe cviyaoix auxpo- 
riHH. 3aAana Hii>KeHepoB - yMeiibimixb aiixponnio, cini3HTb, uacKOJibKO 
mo>kho, noTepn, lie AaTb stoh pacceamioH aHeprmi eme 6oJibiue yBejni- 
MHTb xaoc. 


nporpaMMHpoBaiine - 3to AHCumumiia ua cxbiice MaxeiuaxiiKH n im- 
aceiiepim. KaK MaxeMaxiiKH mbi, nporpaMMiicxbi, npii3Baiibi pemaxb 
c.xo>KHbie 3a/ta i iH, nepeBOAHXb hx na A3bii< mhccji h chmbojiob. Kai< moKe- 
uepbi - BonJiomaxb penienmi b (popiue nporpaMM, icoxopbie Moryx obiii» 
BbinoJiHeHW MaiiiHHoix Kpo\ie xoro, mbi /ioji>Kiibi o6ecneHHBaTb 3cJ)(|)ei<- 
TiiBiiocTb Bbinojineiiini 3thx nporpaMM. 3cl)c|)ei<xiiBiiocxb - axo lie tojibko 
CKopocxb, c Koxopoii 3aAana 6yAcr pemena, no xaioKe h oobCM aainiMac- 
Moii naMJ-iTH. Pa 3 yMeexca, k HHJKeiiepiibiM «3a6oxa\i» cjicAyex oxnecxn 
MacuiTa6npyeM0CTb, paculHpaeMoexb, ycxoimiiBOCxb, B03MO>Kiiocxb biic- 

cemia H3MeHCHHH H npOH. 

MaTeMaTHK pa6oTaex xai<, Kai< 6yAT0 y nero b 3anace BCMiiocxb n ncoi - 
panimeinme pecypcw. Ecaii AJi* pemenmi aaAaMii nporpaMMe npiiAcxoi 
upopaGoxaxb nycTb aaace mhjltihoh Aex, MaTeMaTHK 6yAe T can ran, c »o.o 

miicciiio Bbiiiojiiieiinon. HH)KeHep, lianpOTiin.cKOBan MaccoiixcxinmecKux 

ii3KOi| 0 MHMecKHXOiTaHHHCHHtt.MHAAnouACxero.n«KaK..eycTpanBaeT. 






BBeAeHne 
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xopomo - Mac, MO>KeT6biTb - Aeiib, u KpaiincM cjiynae - mcdih. Ecjih nn- 
>KCuep HC M0>KeT o6ecneMHTb 3Toro, to jih6o aa/uina ripnanacToi (b mi- 
libix ycJiOBHHx) iiepeiueiiiioH, nocjie Mero ona B03BpamaeTc*i MarcMariiKy 
AaJlblieHUIHX pa3AyMHH, JHl6o B03HHKai0T COMHCIIHH, II MaCTO OOO- 
CHOBaHHbie, B TOM, MTO HIOKeiiep BOo6llte CI10Co6eiI 3T0 CACJiaTb. 

riporpaMMHCT - 3to, i<ai< npaBHJio, neMiioro MaTeMaxiiK, a b ociiobiiom 
H iDKenep (MHorwe, oneiib Muorne m Tex, kto CMHTaeT ce6>i nporpaMMitc- 
TaMH, coBceM ne noiiHMaiOT caMoii neo6xozuiMOH MaTeManiKii; mojkct, 
3to h Mepecnyp, ho Bpa/t JIH HMeiOT npaBo Taic ce6n iiMenoBaxb). H 6ojib- 
rnyio MacTb BpeMenn nporpaMMHCT3ainiMaeToi BTopoii, t. e. moKeiicpnoii, 
CTOpOHOH AeHTeJlbHOCTH. 

Be3 iiaAe>KHbix h yAo6iibix HiicTpyMeiiTOB jno6an AenTejibnocTb, a un- 
>KeiiepHaM-Boco6eiiHOCTH,He3cl)c|'5eKTHBiiaiiAa>KeiieB03Mo>Kiia. MaTeMa- 
THKa cna6>KaeT nac hacmmh, KOimenmiMMii h peuenTaMH (b nporpaMMii- 
pOBaHHH o6blMIIO TOBOpHT 06 aJITOpIITMax), HO HMCHIIO HIICTpyMCIITapiIH 
AejiaeT nac CHJibHbiMH, no3BOJineT BonjiomaTb n/teii, Koimenmni h pencii- 
Tbi b pa6oTaiomHe nporpaMMbi. Y xopomero Macxepa, b Kai<oii 6bi o6jiacm 
oh He TpyAHJiCM, ecTb cbom na6op HiiCTpyMenxoB: y jnoooro ruioxiniKa mbi 
H aiiACM niiJiy, py6anoK h craMecKy; ajieKTpuK lie mo>kct o6oi'micb 6e3 ox- 
BepTKH, njiocKory6ueB h H30JieiiTbi, a cxpoiiTejiio neo6xoAHMbi jionaxa, 
MacTepOK h pyjieTKa. A BceM hm iieo6xoAHM mojiotok. 

IIporpaMMHCTy Toace neo6xo/niMbi HHCTpyMeiiTbi. nommio, ncpobiii 
H3 mix - KOMnbiOTep. Ho 6e3 nporpaMM KOMnbioTep 6eciiojie3en (pa3oe 
mto o6orpeBaTb npocTpaiicTBO BOicpyr ce6n, yBejiriMiiBaji onxponino Bcc- 
jieHiioii). A nporpaMMbi - 3 to lie xojibko Mamiimibie ko/ibi, cnoco6iibie 
BbinojuiMTbCH npoueccopoM, no H/iamibie, o6biMno opraiiH30Bainibie oco- 
6bi m o6pa30M. Ecjih nporpaMMucx AewcTBUTejibiio xomcx 6bn b npo(|)cc- 
cuoiiajiOM, a lie noAenuuiKOM, on aoji>kcii HMexb nciioe npe/icxaBJienne 
o cnoco6ax npeACTaBJiemin /lainibix, noiniMarb, icor/ia iix npiiMcmiib, 

h yweTb hmh noJib30BaTbca. 

Oahoh H3 TaKiix cTpyKTyp /tamibix - cxei<y - H nocBamciia axa ne6ojib- 
maa Kimra. CreK AaBiio ii3BecTen h 3acjiy>Kenuo noJibayeTca yBa>KeimcM; 
6e3 iiero ceroAini ueMbicjiUMo HanucaTb iih o/nioii nporpaMMbi. riopon 
cTeK ncnojibsyeTCH sibho, ho Ky/ia name on aeiicTByeT CKpbiTiio, b r.ayon- 
lie. H naAO npii3iiaTb, hmchho 3Ta - iieoMeBii/uiafl - Macxb B03MO>Kiiocxen 
ocTac-TCHAJia MHOrux npotpaMMHcroB terra incognita. Omchi> *ajib... 

riporpaMMHCTbi b CBoeii OKeAiieBiioii pa6oxe nojiaraiorca na oncpa- 
UHOHHbie CHCTeMbi, cpeACTBa pa3pa6oxKii, *3bii<ii nporpaMMiipoBainw. 
3xo - Mac n, MX MHCTpyweiixapna, b koto P om xa«<>Ke ncnoJibayexcH cxeK. 
Koiicmho, mojkho 6i>uio 6bi CKaaaxb: M»e max., mxo-to eme. Mo 
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BeeAeHne 



CTaTOMHO Toro, mto 3TO pa6oTaeT h aroiny mo>kiio AOBep>iTb». /la, raKoii 
B3rjiHA HMeeT npaBo na cymecTBOBanne. /lo Tex nop, noi<a mi,i pemaeM m- 
noBbie 3a^ami (a ami 6oAbiunncTBa Taiuie 3aAann - eAHiicTBeimoe, mcm hm 
iipnxoAMTCH 3anHMaTbcn bcio npo(|)eccnonajibiiyio Kapbepy), 6o;ibmero 
n lie ny>Kiio. Ho nporpaMMHpoBanwe Hen3MepnM0 6ora i ie. B iieM iiojiiibim- 
nojiiio 3aAan nepemeiiiibix, pememibix HacTiiMiio jih6o peiiiemibix iuioxo 
li >KAymnx CBoero naca. Ctoht jih co3iiaTejibiio o6eAHMTb ce6n 11 o6Maiibi- 

BaTbCH TeM, HTO MO)KIIO o6oHTHCb HMeiOLHIIMCM? 14Jill >KAaTb, KOT/ia KTO-TO 
6oAee yMHbiii h oTBcOKiibin CAejiaeT to, mto cMiiTajiocb iieBbinojiniiMbiM? 

KoneMiio, i<a>KAbiH peinaeT stot Bonpoc no-CBoeMy. Ho OTBepmyTb, 
j\aoKe lie nonpo6oBaB, iiHKyAa ne roAHTcn. 

H3Jio>KeHHe b KHHre nocTpoeno cjieAyioimiM oopaaoM. Cxeic ne bo3iih- 
KaeT neii3BecTHO Kai<, OTicyaa h jxjm Mero. B Kimre paccMaxpiiBaeTcn pnA 


3aAan iiapacTaiomeii cjio>kiioctii. C3ce 3th 3aAaMii pano iijiii ito3aho npn- 
boaht k CTeKy; TaKHM o6pa30M, bchkhh pa3 iionBJieime cTeica noAroTas- 
jniBaeTCH h o6ocnoBbiBaeTca. /Ijih Toro MTo6bi MiiTaxejib Mor cocTaBiixb 
ce6e naii6ojiee nojnioe npeACTaBJieime o ctckc h ero bo3mo>kiioctmx, nac- 
to npuBOAHTCH peweime hcxoahoh 3aAaMii ApyniMii cnoco6aMii. Tai<oe 
cpaBiienne BcerAa nojie3iio, noci<ojibKy no3Bo;meT oueiniTb AocTomicTBa 
11 lieAOCTaTKIl pa3JlHMIIbIX nOAXOAOB H Bbl6paTb 113 HlIX JiyMIUHM. 

Kimry jiynuie MHTaTb no nopMAicy, nocicojibicy iiocjicAyiomin'i MaTepii- 
aji o6biMiio omipaeTcn na npeAbiAymnix Tam, tac oto npeACTaBjnuiocb 110- 
jie 3 iibiM, 6 oJiee paiimiM MaTepiiaji mhcthmiio noBTopneTcn; sto ii36aijjin- 
ex ot neo6xoAHMOCTii B03BpamaTbcn na3aA n no3BOJinex iio/uicpaoiBaxb 
onpeAejieiiiibiH piiTM. 

CxpyKTypno Kinira coctomt H3 Tpex Macreii. riepBan Macxb - ociiob- 
nan. Hmchho 3Aeci> CTaBHTcn, o6cy>KAaioTcn n peuiaiorcn 3aAaMH. Bxo- 


pan Macxb nocBmueiia oniicaimio ne 6 ojibiiioii, no AOcraroMiio Momuoii, 
CTeKOBOH Mainmibi ii iiporpaMMiipoBanuio /xmi nee. Tpcrba MacTb - jto 
I lpHJKWeHllH, CpeAIl KOTOpbIX - IICXOABbie KOAbI xpancjinropa II Hlixep- 
npeTaTopa CTeKOBOii Mammibi, oiiiicamioii bo Bropoii Macm. 

3aBepiuaeTcn Kimra 6n6jmorpa(l)iien. Mbi npiuioxciuin bcc yciumn 
k TOMy, MTo6bi nepeMiicjiiiTb b iicii ac iicTBHTeJibHO uemibie (na Ham 

B3I7IHA) H B TO >KC BpCMM AOCTyilllbIC HCTOMIIHKH, OTIlOCniHIICOl K OC IIOB- 

noii TCMe Kinirn. 

3tii hctomiiiikh no3BOJWT 3 aiiHTepecoBaiiiibiM MiiTarejuiM ABiirarboi 

AaJibiue - k uacTonuuiM BbicoiaM. 

B OKe/uieimoii npaicTHKG nporpaMM.icxa cxck d abhom muw Bcxpena- 
excH jiHiiib iiiioivia, 6o;.biueii nacTbio ctck <xpy/orr«»> ucaaMenio. lame 
B cero oh i.anoMH.iaeT o ce6e xoraa. koto. pa6oxa nporpaxiMw oucaanuo 











BeeAem/ie ❖ g 


iipcKpamacTca ii 11 a 3Kpan (jiu6o d Koncojib) bubo/uhcm Ma-zionoiomibie 
neii0CB5imeiui0My CTpoMKH coo6meiniH > cocTOHimie ii3 aapecoB uaMHTii 
H HMeil 4)yiIKUHH, BbI30BbI KOTOpbIX npHBeJIH I< OCTailOBKC. Kaic npaBiuio, 
TaKHe coo6meim>i CBnaeTejibCTByiox o tom, mto b nporpaMMax iimciotoi 
ouih6kii. 3th ouih6kh o6biMiio hcbo3mo>kiio OTCJie/uiTb na 3xane Tpauc- 
jihuhii nporpaMMbi; ohm npo*iBjmioTce6fl bo BpeMn Hcno;meini>i. Miiorne 

(B03M0JKI10, 6 oJIblUIIHCTBO) lie IlOllHMaiOT HH npHMHH MX B031IHKll0BeiIIIM, 
hh toto, mto ohm 03iiaMai0T. npoMHTaB Knnry, Bbi naMiiere nomiMaTb, or- 
nero sto npoiicxoanT h mto ny>KHO aejiaTb, MTo 6 bi nporpaMMbi CTajm 60 - 
Jiee IiaAOKHblMH H yCTOHMHBbIMH. 

OcuoBiiaM o6;iacTb npHMeneHHM ctckob - Tpancjinmoi a3bii<OB npo- 
rpaMMHpOBaniiM m no/mep>KKa cpe# Hcnojiiieinia. 3 tii o6.'iaciii mi(])opMa- 

TMKM CMHTaiOTCfl CJIOXOiblMH, H 3TO AeilCTBIITeJIbllO xai<. Ho Aa>KC CaMbie 
CJIO>KHbie BeiUM COCTOMT H3 IlpOClQlX. Bor 3TIIMH, OTIIOCHTeJIbllO IipoCTbl- 


mh BemaMH mm 3 aiiMeMcn m kochcmch Miiororo, mto nenocpe/iCTBeiuio 
iicnojib 3 yeTCH npn peajiH3auHH h3bikob nporpaMMiipoBamiH n pa6oxbi 
nporpaMM nocjie hx 3anycKa na iicnojiiieime. Ecjiii Kor/ia-iin6y^b BaM 
npnAeTca (hjih 3axoMeTca) peajni30BaTb M3bii< nporpaMMHpOBainiM, ro 
6yAbTe yBepeHbi - cTen craneT BauiHM rjiaBiibiM noMomnnKOM. 

W nocjieAiiee. Ctck b KaMecTBe niaBiioro «repon» 6 biji Bbi6pan ne c.iy- 
Maiiuo. On no-CBoeMy KpacHB. npaB/ia, j\jm Toro mto6m 3to onemub, iipn- 
AeTca noTpyAHTbcn. He;ib3H noiiHTb My3biKy, Mirraa peueii3iiu; My3biKy 
naAO cjiyxuaTb. To ace h co ctckom - c hum na/io nopa6orarb. B ochobiiom 
T eKCTe Kiinni iiohtm iieT npHBbiMiibix 3a#aM n ynpaxaieinni; ynpaaaieiui- 
eM B H3BeCTHOM CMMCJie MBJHieTCH BeCb TCKCT. ECJIII MIITaTC.'Ib llOnpOOVCT 
CBOH ciuibi B peajiii3amni 3aaaM, KOTopbie paccMarpiiBaioTca b Kimre, - 
3 to jiyMLiiee, mcto mojkiio no>KejiaTb. IIojib3a 6y/iex iiecoMiieinioii. 

Ko e-rjxe b TeKCTe b KaMCCTBe luuiiocTpamni rex hjih niibix noinmni 


bc rpeMaioxca (])parMeiiTbi nporpaMM, iianucamibix na >i3bii<e uporpaMMii- 
poBaHHH Java. Bee ohm omcub npocTbi, h jx a*e ecjoi Hinarejib ne3iiaicoM 

c Java, Mbi yBepeiibi, mto oh 6e3 Tpyaa hx noiiMer. 

Mbi imr/ie ne ncnoJib3yeM npHMeMaiiHii: mi no/icrpoMiibix, nn Bbint- 

ceiiHbix B oTAe^bHbiH pa3AeJi. Mnome ckjiohhm iix paccMarpimaTb Kai< 
Maji 03 uaMHTeJibHbie OTCTynJieiiHfl n o6biMiio nponyci<aioT. KpoMe roro. 
xaKiie npHMeqaiiHfl npepbiuaiox npouecc Mrenna n BbinyamaiOT oiu.ic- 
KaTbCfl OT ochobiiom TCMbi. Mbi Cflenajiii npuMeHaima Macrbio xeKcxa. abi¬ 
de*** ux KiypcuooM. He ctoht hx nrnopupoBaTb - b mix mhoio ikwksshoh 

HH^JOpMaUHM. 




















Hacrb 


3aA3HM, 

npMBOA 51 UlMG K CTGKV 



CKo 6 oHHbie CTpyi<rypbi: 

3 AeMeHTapHbM c Ay Haw 

Mbi namieM c Toro, hto paccMOTpHM o/uiy npociyio 3a/ia i iy, KOTopan rio- 
c.'iy>KHT oTiipaBHoii tomkoh Bcero noc;ie^yiomero n3AOHceiniA. 3 tc \ 3a;iaMa 
bc rpeMaeTCfl b pa3iioo6pa3iibix Bapnairrax (h nyTb no3>Ke mm paccnaxceM 
06 a tom no/xpo 6 uee), no naM noiea Biiojnie AocraTonno xaKOii c|)opMy;in- 
pouKii: oiipcAejuirb - npaBHJibiio ah paccTaBAeiibi cko 6 kii b npoii3BOAb- 
iiom a.ire6paiiHecKOM Bbipa>Kennn. HecKOAbKO npnMcpoB AacT upc/ic raB- 
jieime o tom, mto Mbi HMeeM b BiiAy h KaKoe peuieime nmeM: 


a + (b * c /(d - e)) 
a + (b * c /d - e) 

(a ♦ b - c * (d / (e + f))) 


Ecah BCeM BXOAHmHM B 9TH BMpaHCeiiHfl ncpcMeiiiiMM (a, b, ...) npH- 
naTb onpeAeJieHHMe hhcaobwc 3HaHeHHH, to 9th BbipaaceHHA MoryT 6 mtb 
BMHMCJ ieHM no npaBiiAaM 9JieMeHTapH0ft apii(|)MernKii (kohchiio. hckaio- 
4a>i cAynaw, KorAa 3 iiaMenaTeAii Apo6eii o6pamrcH b 0). B ttiix ripMMepax 
lljpjOKCiiiiii ckoGkii pace uiu icma upaBiiAbHO. HTo6bi CACAaTb uocacamco 
yTBc P >KAeHiie 6 oacc HarJWAHbiM, AaBaiixc ocTaBMM toabko cko6kh, yOpaB 
uce «Amuiiee>; b peayAbniTe y iiac noAyMiiTCA cACAyiomec: 


(()) 

0 

((())) 







TaKoro po^a Bbipa^cemia 6yflew ua3biBaib cKo6omibtj\tu cmpi/Ktm/pa- 

Mu '» MbI nojmocTbio uniopupyeM nee to, mto coaepaaiTcn Bnyipn ckoook, 

h cocpeAOTOMHBaeM BHHMaime tojibko na cKo6i<ax n nx B3aiiMiioM pac- 

nojioxcemiH. Bee npHBeaeHHbie Bbiuie CKo6oMiibie CTpyicTypbi, omcbm/uio, 

Koppeiaubi, t. e. c(|)opMnpoBaiibi npaBii/ibiio. Tenepb upiiBe/ie.M necKOJib- 

ko npuMepoB neKoppeicnibix (nenpaBiuibiio c^opMiipoBainibix) cko6om- 
Hbix CTpyKTyp: 

(() 

0 ) 

)( 


/JaBaHTe hcmhoto ocTaiioBiiMcn na nocjie/umx npimcpax 11 ripoairajiu- 
3HpyeM, mto HMemio AejiaeT sth CKo6oMiibie cTpyi<Typbi neKoppeKTiibiMii 
(ouin6o4HbiMH mjih nenpaBHJibiio c(l)opMiipoBaniibiMii). Rjm aToro yu 06 - 
no na3biBaTb JieBbie cko 6 kh «(» oTicpbiBaiouuiMii, a upaBbie «)» - 3ai<pbi- 
BaiOIUHMH. ^ 

B nepBOM npHMepe mhcjio OTKpbiBaiomux cko6ok 60/1 bine Miicjia 3 a- 
KpbiBaiomHX. Bo BTopoM npHMepe ciiTyamia npoTiiBonojioxaian - miicjio 
OTKpbiBaiomwx cko 6 ok Meiibiue Miicjia 3aKpbiBaiomnx. B Taiaix cviywaax 
roBopaT, mto cko 6 ich tie c6ajiancupooaitbt no Miicjiy BXOJKAeinrii. TpeTiiii 
npiiiuep AeMOHCTpnpyeT eme oaiih cjiyMan: mhcjio OTKpbiBaiomux cko6ok 
coBiia/iaeT c miicjiom 3ai<pbiBaiomHX (t. e. cko6kh c 6 ajiaiicupoBaiib[ no 


MHCJiy BxoxcAeiiMH), no CKo6oMiian CTpyKxypa TeM lie Menee omn6oMiia - 
Bbipa>Keniie lie M0>KeT naMiiiiaTbCH c 3aKpbiBaiomen cko6kii hjiii 3 aKanmi- 

BaTbca OTKpbiBaiomen. 

Hama 6jm>KaHmaM 3 a/iaMa - nairm cnoco6 (ajiropinM) npoBepiai aio- 
601't 3cmannon cko6omiioh CTpyicTypbi, cocromuen tojibko 113 ckoook oa- 
uoro Tima (b AannoM cjiynae cko6ommoh crpyKrypbi, cocToameii toabko 

H 3 Kpyrjibix cko6ok). 

Omcbiiamo, mto cymecTByeT 6ecKoneMiioe koammcctbo kak npaBn/ibiio, 
TaK 11 iienpaBHAbno C(J)OpMnpoBamibix ckooomiibix crpyiuyp. IloaioMy 
nonbiTKa onucaTb Bee B 03 i\io>KMbie Bapnaiixbi cKo6oMiibix cipyinyp nx 
npocTbiM nepeMHCAemieM ue ocymecTBHMa aa>kc TeopeniMeciai - pano 
luiii ,, 03 /uio BCTPCTHTCH raKaa ci<o6oMiiaii cTpyKTypa, icoxopaa ue 6buia 
naMii npcAycMOTpeiia. B raKOM c/iy'iac nporpaMMa, ocymecxujiaiomaa 
npouepKy cko6ohhoh cTpyKTypbi, 6y/iex ue b coctomhiiii onpe/icvnnb 
co npaBHJibnocTb CjicAOisaTejibiio, liyweii miofl cnocoo. TaKOii cnoco6 
(„ 0'ieiib npocroi.) cymecxByex, no, nepe; ( xcm ksk onncbinaxb ero, mm 
upe/uiaraeM Hiixare/iio neMHoro noAyMaxb n noiibixaxbca naimi ci o i.imo- 


cto a rejibiio. 











12 ❖ 3aAaHn, npi/iBOAfliut/ie k creKy 

Ecjiu nocjieAOBaTejibiiocTb cko6ok iiammaeTcn c 3aKpbinaiomeii u;ui 
3aBepuiaeTCH OTKpbiBaiomeH cko6koh (naw TpeniH upiiMcp), to, 6ec- 
cnopiio, Tai<an CKo6oMiia« CTpyKTypa c^opMiipoBaiia nenpaBiuibiio. Ho 
3TH ABa npeaejibiibix CAynan ne no3BOA>nox peiuiiTb 3 a/uuiy B o6ihcm 
buac, t. k. nepBbie npiiMepbi nenpaBHAbiio c^opMupoBaniibix cKooownbix 
CTpyKTyp iiaHHiiaiOTCH h 3aBepmaiOTCfl iiyacnbiMH BHAaMii ckoook - coot- 
BeTCTBeiuio «(» h «)», no KOTopbie Te\i ne Menee omii6oMUbi. 

Miax, b pemeiiHH 3 a asm h Mbi noi<a homtii miKy/ia ne npoABimyAiicb. 
Ho AaBafrre nocMOTpiiM 11 a npo6;ieMy nyTb iiiiane. Otbacmcmca na ne- 
CKOJibico MHHyT ot cko6ok. IlpeACTaBbTe jiii(])t. Bo M36e>Kanne aBapini 
neo6xoAMMO KOHTpoAnpoBaTb Maccy rpy3a (Biunonan Jiio/ieii), nepei303ii- 
MOTO AH(j)TOM. JXfLfl 3TOTO B AH(])T BCTpailBaeTCA CneUIiaJIbllblli AaTMHK. 
KaxcAbiii BiieceinibiH rpy3 hah BxoAaiUHii neAOBeic yBejiiiMimaeT o6myio 
Maccy rpy3a b Ka6inie h narpy3i<y na Tpocw h Jie6e/iKy jni(])ra. Pa3yMe- 
eTCH, noi<a3aiiHa AaTHiixa yBejiHMiiBaioTOi. KaxcAbiii Bbixo/muun'i H3 i<a- 
6niibi Ancjxra yMeubmaer Maccy rpy3a b Kaoime, h noKa3amia AaTMiixa 
yMeiibinaioTCH. n 

Ham «rpy3» - 3 to ABa biw cko6oic. OxKpbiBaiomaa ckookb yne./m- 
HHBaeT «Maccy», a 3aKpbiBaioman - yMeiibinaex. Konenno, Kai< 11 Bcai<aa 
aHajiorHH, 11 am npHMep CTpaAaeT neTomiocTAMH h ynpomemiaMii, no on 
TeM ne Menee naBOAHT na hacio. 

npiiniimeM k3>kaom cko6kc nei<HM «bcc»: oxicpbiBaiomcii ckookc 1 - no- 
AOxaiTejibiioe mhcjio (cKa>xeM, 1), a 3aKpbiBaiomeu - mhcao, paBiioe no 
a6coAiOTiion BeAiiMHiie, no ripoxiiBoriOAO>Knoe rio 3naKy (t. e. -1). /Jax- 
miKOM nycTb 6yACT uejioHiicjieiinaa nepeMemiaa (na30BCM ee, naripiiMcp, 
count) c lianajibiibiM 3iiaMeiiueM, paBiibiM 0 (b npiiMepe c am(|)tom oto 
03iiaHaeT, hto H3HanajibH0 Ka6una nycxa). 3xa ncpcMcnnaa 6y/ieT nrpaTb 
po.ib cneTHUKa. npOMOAejuipyeM noBCAenne naiucii «cncTCMbi» nacaMOii 
npocToii cko6omuoh CTpyKType: (). Rjm KOMnaKTiiocTii 6y/ieM npe/iCTaB- 
>iflib oTAeAbHbie cocTomiHH b BHAC xa6jumbi, b jicboii koaoiikc Koropon 
y K a3biBaeTca y>Ke ripoMiiTaunaa nacTb CKo6onnoii cxpyKTypbi, a b npaBoii 
(o Toil x<e CTpoi<e) - 3iiaHenne cncTMiiKa. rioJiynaeM cjieayiomini npoxo- 

koa pa36opa: 

npoHMTaHHaa sacTb CneTHHK 


( 

O 


0 

1 

0 


B caMOM ua* 
pane11 0. IIoca c 
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eu MHCJio (t. e. 1) npH6aBJiHercH k cneTMHKy. Hocjie o6napy>KciiiiM 3aKpi>i- 
Baiomeii cko6km cooTBeTCTByiomee eft hhcjio (t. e. -1) tbiokc iipnoaBJia- 
ercH k cneTMHKy. Hcho, mto htoiom apii(|)MeniMecKoii oiiepamm 1 + (-1) 
HBJiBeTCH 0 (jiH(J)T nycT). Ecjih CKo6oMiiaa CTpyicrypa c(|)opMnpoBana 


npaBMJibHO, to 3HaMeHHe cneTMiiica 110 oKo.iMamni pa36opa oy/iex paBiio 
0. Rjih 3aKpenjieHHH (h aonojiHHTejibiioft npoBepKH) pa36epeiu /xpyryio 
CKo6oMnyio CTpyKTypy (()). Bot npoTOKOJi pa36opa: 


npOMMTaHHafl sacTb CneTHUK 

0 

( 1 

(( 2 

(() 1 

( 0 ) 0 


noxoace, 4T0 AJI5I npaBHJIbHO C([)OpMIipOI3ailIIbIX CKOOOMlIbIX CTpyKTyp 
3tot MeTOA pa6oTaeT. A mto mojkho cica3axb o iienpaBiuibiio a|)opMiipo- 
Baiiiibix? PaccMOTpiiM 3to Ha npiiMepe ci<o6oMiioft crpyKxypbi ((): 


npOHMTaHHafl nacTb Cmctmmk 

0 

( 1 

(( 2 

(0 1 



Bch CKo6o4Han CTpyKTypa npoMiiTaua, a 3iiaMcimc CMCTMiiKa nojio>Ki!- 
Tejibiio (b liauieM cjiynae paBiio 1). Ecjih o6paTHTbca k aiiajionm c jihc|)- 
tom, ro 3 to 03iiaMaeT, mto kto-to Bomeji b jiik|)x ii lie Bbixojinx 113 iiero. M 3 
3Toro iieMe/yieinio cjie/iyeT, mto mhcjio oTKpbiBaiomi.x cicoook b ckooom- 
hom Bbipa>KeHiin 6o/ibuie Miicjia 3aKpbiBaiomHX 11 cko6om.ioc Bbipaxcciuie 
B UCJIOM C(|)OpMMpOBaiIO IieBCpiIO. npOTMBOnOJlOKIIblU CJiyMSH ()) JiaeT 

cjieayiomHft pe3yjibTaT: 


npoMMTaHHaa sacTb 

( 

0 

0) 


(NeTMMK 

0 

1 

0 

-1 


Bch CKo6omia>i CTpyKTypa npoMiirana, a siiaMcmic cweTmuca oipima- 
TCJibiio (b HameM cjiyMae paB.co - 1). Ms axoro MCMC/y.enno CJicviyex, mto 
m.icjio oxKpbiBaiomiix cko6ok b cko6omhom Bbipaxceimn Mcibiue Miicjia 
3aKpi>»Baiomnx .. CKoftoMi.oe Bbipaaceinie cc^opMuponano ..encpuo (iu 
nupia Hbiin.'u) 6 oju»uic juojicii, mcm b ncro bohijio. mto, komcmi.o, hcbos 

MQ3KH0). HaKoi.cn, paccMOTpiiM cjiynaft )(: 
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npOMMTaHHafl MaCTb 

) 


CMeTMMK 

0 

-1 


Kan xojibKo 3iiaMenne cnemuKa cxanex oxpnuaxcjibiibiM, xo ocxaBinyio- 
ch nacxb cko6ohhoh cxpyi<xypbi Mornio He npoBepnxb (ecAii ah(|)x nycx, 
xo H3 iiero HeKOMy BbixoAHXb) - 011 a 3aBeAo\io ownboniia, 11 , cacao Ba- 
xejxbuo, bch axa CKoboniiaA cxpynxypa cc])opMnpoBana iieBcpno. Heo6xo- 
AHMO cpa3y npeicpaxuxb pa36op h oxBeprnyxb axy ci<o6o4iiyio cxpyxxypy 
Kax HeAonycxiiMyio. IIoHeMy nyxaio npei<paxiixb pa36op, ne npoBepAA 
CAeAyiomnx cko6ok? Bo-nepBbix, oxo 6eccMbicjieinio, a bo-bxopbix, ox- 
KpbiBaKDmaa CKo6i<a ycxanoBHx 3iia i ieiiHe cnexMiiKa b 0, h mm MoxceM pe- 
uiHXb, hxo xaxaA CKo6oMHaA cxpyxxypa AonycxiiMa, xota, omcbiiaho, 3 x 0 
ne xaK. B KanecxBe AerKoro ynpaaaieHHfl upoBCAiixe pa3oop cAeayioiueH 
cko6ohhoh cxpyKxypw: (())). riepBbie Mexbipe cko6kh ycxanoBAX 3iia4c- 
Hue cnexHHKa b 0, ho nocAeAHAA (3ai<pbiBaiomaA ckookb) ahluiiaa, ii Bee 
CKo6oHnoe BbipaAceiiHe aojdkho 6bixb oxBepmyxo. Kcxaxn, upoAOAxtaA, 
hxo moskho CKa3axb o CKo6o4Hbix cxpyxxypax (()()), (0)0 HAH (()()? 

Hxaic, 3aAana pemeiia. Umi cko6oi< OAiioro xnna (b nauieM ripiiMepe 
KpyrAbix) cymecxByex npocxoii h 3(f>tyeKXHBiibiH aAropiixM npoBCpKii 
cxpyKxypw cko6ok. 

Tun cko6ok M0>xex6bixb h hiimm, iianpHMep (J)i irypiibie {}, ynioBbie 0 
hah KBaApaxiibie []. BoAee xoro, iiomiimo yKa3amibix cko6ok, b A3i>n<ax 
uporpaMMHpoBaiiHA HcnoAb3yioxca h Apyrne KOHCxpyKUHH, Koxopwe mo- 
ryx6bixb oxneceiibi KCKo6KaM, iianpimep begin-end iiah try-catch (npaB- 
Aa, o6biMiio xai<oro poAa KOiicxpyKinni na3biBaiox 6jioi<aMii, no cyxb ACJia 
ox 3xo ro npHimiinHaAbiio ne Menaexca). Ilo-cymecxBy, CKo6i<aMii abaa- 
10XCA H MlIOrOCXpOHlIbie KOMMei IXapHH BIIAa /* • • • */• WlIblMII CAOBaMII, 
ne Ba>Kiio, 4 x 0 Mbi na3biBaeM CKobicaMii h i<ai< 01111 bi>h'aaaat; ckookoh 
MO>Kex 6bixb Bee, 4 x 0 BbinoAiiAex (t)yiiKHHH cko6kii. 


[locjiednee ymoepucdenue cjiyxcum wuuocmpciyueii m. 11 . «yrnuno/o mec- 
ma>: eaiu neumo noxoMe tta ymKy, ruiaeaem kcik ynma u KpsiKaem kcik 
ymKa, mo amo, cmpee ecezo, ymna. Muaue zooopsi, nem neo6xoduMocmu 
CQH3bieamb ce6n moJibKO o6w,enpwixmbiMU murumu ckoook; acviaia cyiy- 

nocmb, QbinojiHHeMbie 0 ynKyuu. 


npocxbie CKo6o4iu»ie cxpyKxypbi, noAobiibic paccMorpcmibiM ro ibko 
HTO cocxaBAAK)T Aiiuib iieboAbiuyio 4acxb CHHTaKCHHCCKHX cxpyKTyp 
U «3bi,<ax iiporpaMMiipoBamiJi. 06 mhho BCTpenaioTCJi 6oz.ce cj.oaa.bie 
cko6ohiii>ic crpyKTypw, t. e. CKo6omibie cxpyKTypb., BKziioaa.o.nne pw- 

Hbie rimi>i ckoGok. Bor neboAbiiiou npiiMep: 
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{ 

int [] keys; 

ArrayList <String> aList; 


for (int i = 0; i < keys.lengthQ; i++) { 

aList.get (i) = 

} 

} 


IlepeA naMH <J)parMeiiT hcxoahoto KOAa (na B3biKe nporpaMMiipoBanna 
Java, ho noAo6nbiH npwMep mo>kiio BCTpeTHTb bo Miionix Apyrnx A 3 M- 
Kax), b kotopom BCTpenaioTCA Bee MeTbipe «CTaiiAapTiibix» run a cko6ok. 
3aAana Bee Ta >kc: onpeAeAHTb, npaBHAbiio ah c(|)opMiipoBaua cKo6o i man 
CTpyKTypa b tom CAynae, Koma TunoB cko6oi< ne oahii, a iicckoabko. JX a- 
BanTe, i<ai< w b nepBOM CAynae, y6epeM bcc «Aiiiunee» n ocTaBHM toai>ko 
cko6kh. Bot hto y nac noAyMHTca: 

{[]<>(()){()}} 


KaK y6eAHTbca b npaBHAbiiocTH cko6o i iiioh CTpyKiypbi raKoro Bima? 
Cpa3y >Ke npuxoAHT b roAOBy MbicAb^ocnoAb30BaTbca toabko mto pa3- 
pa6oTaimbiM weTOAOM noAcneTa, npimiicbiBan i<a>KAOii oTKpbiBaiomcii 
u Ka>KAOH 3aKpbiBaiomeii CKo6i<e iieiam «bcc», t. e. onpeAeAcmioe nnc- 
ao, xapaKTepii3yiomee bha cko6kh - oTicpbrnaioman hah 3aKpbiBaiomaa. 
IlycTb, i<ai< m npe>KAe, aio6oh OTKpbiBa.omen cko6kc cooTBCTCTByeT 1, 
a aio6oh 3ai<pbiBaiomeH -1. JXjih namero npiiMcpa nocAe ripocMorpa cko- 
6ok noAyHHTca 0 (h npw 3tom chcthhk iiuxorAa nc craiier orpnnarcAb- 

HbiM), t. e. Mbi MO>KeM CAeAaTb BbiBOA, HTO CKo6oMiiaa CTpyKTypa ripa- 


BHJIbHa. 

Mtak, 3 aAana pemeiia? KaK 6bi ne Taic! IIocmotphm na Tai<yio, nanpii- 
Mep, cKo6omiyio CTpyKTypy: {(}). Ham aAropHTM AacT b pe 3 yAbraTe 3iia- 

nenneO, ripn 3TOM3iia4eHHecHeTMHKaiiHKorAaiie6yAeTOTpimaTeAbiibiM. 

Ho 3Ta CKo6o4.ian CTpyKTypa, coBepiiieiiiio omcbhaho, ccJjopMupoBana 
neBepno. BbiBOA: aAiop.iTM co cnenHKOM ne pa6oTaeT. \yx<e bccto ro, 
mto on BbiAaeT pe3yJIbTaT,KOTOpwii BbirAAAHT npaniiAbUbiM (t. k. caermiK 
no OKonnannn pa36opa AeiicTBUTeAbiio panen 0 ), no KoropoMy nc ib;m bc- 
pm b HaAO noimTb - noneN.y on ne pa6oTaer n mo>kiio ah ero ncnpaBiirb 
raK, 4to6i>i on 6b.A npnroAen b nonon cniyaunn c pa3A.mnb.Mn TimaMii 


Boo6me roBOpa, npimnna aoki.t na noBepxnocrn: Mb. yBejn.minaeM 
(COOTBeTCTnei.no, vMC.ib.i.acM) anancmc cneTMMKa BCHKim paa, ko. 
Aa B .locjieAOBaTeAbMOCTH BcrpcMaero. oTKpb.Ba.omaa (3a.<pb.Ba.omaa) 
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CKoOKa. B npiiMepe {(}) mm yBejinmiBaeivi 3iiaMemie CMeT4m<a iiocjic/io- 
BaTejibuo ABa>K/ibi: cuanajia, Koraa BCTpcMaeTca cKo6i<a {, n hotqm, Kor- 
jxa BCTpenaeTCfl CKo6i<a (. Ho Be/jb 3 to pa3iibie thum ckoook! He tvt jih 
Kopenb npo6;ieMbi? Hejib3n jih ii3MeiniTb cnoco6 H3Meiieiinfl 3iiaMeiniii 
CMeTMlIKa TaK, 4To6bI Oil COOTBeTCTBOBaJI THny CI<o6kH? MoJKHO, KOIieMIIO, 

w Gynej npaBHJibHo, ecjiw HHTaTejib nonpo6ye x nonci<aTb peiueime b 3tom 

HanpaBJieHHH. 

Memodbi ancuiusa cko6ohhux cmpyKmyp cmajiu uccnedoGambcn eiye 
e 50-x zodax XX eena. Ecru g Gbipaoicenuu ocmpenaiomcsi cko6ku mojibKo 
o^Ho^o ouda, mo 3adaua, kcik mu yotce Gudenu , peiuaemcsi ajieMenmapno. Ho 
no Mepe yaiodtcnenuH u pa3GumuR r3ukog npotpaMMupooauuR cKo6ouuue 
cmpyKmypu cmcuiu GKJiiouamb g cedsi cko6ku pa3nux munoo, u npo6neMa 
cmcuia anmycuibHOU. Bur npedRoxcen pnd Memodoe pemeuun (g ux nucjie 

QeCbMQ OpmUHORbHbie), HO GCe 3mu Memodbi 6blJlU CROMHblMU G peaJIU30U,UU 

u MedRewibiMU q pa6ome. Ecru uumameRb yjice nonumancM uciumu rnaKouMe- 
mod, oh, 6e3ycROGHO, doRJiceu 6 ur ydedumocsi, unto npoujieMa nempuGuajiuia. 
Momtho GGodumb omdeRbHue cnemnuKU djisi Kaj/cdo/o ouda cko6ok, ho npo6- 
jieMQ couiacoQauuR GROMeunocmu odnux munoo cko6ok g dpytue oce paono 
ocmaocuiacb. Memod co cuemuuKOM, np^oceu eio 3Reianmnocmu, djui co- 
cmaGitbix cko6ohhux cmpyKmyp padomaem ueydoGRemeopumeRbuo. Ilyjiaio 
umo-mo unoe, u ceunacMU nepexoduM k odcyjicdenuio Menioda, cooepuienno 
omnuHiioio om Memoda nodenema c ucnoRb3ooauueM oiemnuKa. 


BepneMCH eme pa3 k nauieMy npiiMepy {(}). On, Kaic Mbi 3iiacM, co- 
OTBOTCTByeT ne^ofiycTHMOH ci<o6o i nioii cxpyKType. npoauajiH3iipyc\M 
cko6kii no nop^AKy. FlepBon BCTpenaexca OTKpbiBaiomaa { ci<o6Ka. Hto- 
6bi CKo6oHiiaa CTpyKTypa ciajia aonycTHMoii, r/ie-TO b nocjie/ioBaxejib- 
hocth cko6ok AOJOKiia 6biTb 3 ai<pbiBaiomaa } CKo6ica. Oua, Konenno, 
iipucyTCTByeT (b npiiMepe axo TpeTbn ckookb c./ieBa). IIo, npoK/ie i icm 
Mbi no nee « < ao6epeMC*i», iia/xo mto-to Cflejiaxb c flpyroii oxKpbiBaiomeii 
CKO&coft, TOJibKO Tenepb 3 to (. fljlfl Toro 4To6bi (Tpexmi no nop>i/n<y) 3a- 
KpbiBaioman cjnirypnaa CKo6i<a } cooxBexcTBOBajia nepBoii oxKpbiBaiomeii 
{, hvhcho o6ecneHMTb ajw OTKpbiBaiomen Kpyivioii cko6kii napnyio cii ;ia- 
KpbiBaiomyio. ripmono rbBopHTfe. hto KpyniaH cwtfica ( BJioacena b 4>h- 
rypnvio {. mjih, Myxb 6ojiee cjjopMajibiio, hto y OTKpbiBaiomen KpywioH 
cko6kh uiy6uua oROxcenHOcmu 6ojibiue, mcm y OTKpbiBaiomen <l»n vpnon- 
npexcAe 4CM 3aKpbiBaxb Biieumne cko6kh (b AaimoM c.iynac { 11 }), uv>k 
110 HTo6bI 6 hUl H3aKpblTbI bcc BHyTpemine. B nauieM npHMepc kbk pa3 oto 

OHeun/utoe npa.uu.o „ ue co6,„oAac r o, <]>„ryp>,a>, cKo6,<a , o~ 
ch K nape c Me.ibUieii rJiy6unoii baomcciuiocth (Bnemiieu). nomuacrca 
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paiibuie KpyrjiOH ), KOTopaa oxhochxch k cKo6Kaw 6o;ibiucii r;iy6mibi 
BJIOHCeHHOCTH (BiiyxpeiuieH). 

Mo>Ker 6biTb, ne6o;ibmoH npiiMep iiomo>kct jiynuic noimb am ao- 
BOJibHo a6cTpaKTiibie paccyacAemiH. ripeAcxaBbxe ce6e 3aKpbiTyio inna- 

TyjIKy, BHyTpH KOXOpOM AOKHX 3aKpbITbIH KOIIBepT. Ha\I Iiy>KIIO npOMeCTb 
coAep>KHMoe KoiiBepxa, t. e. jie>Kamee b new iiHCbMO, a 3aTeM bcc Bepiiyxb 
b HCxoAiioe cocToaiiHe. UlKaxyjiKa cooxBexcxByex CKo6icaM { n }, a koii- 
Bepx - CKo6KaM ( w ). Ilpe>KAe new Mbi Ao6epeMca ao KoiiBepxa, 1 ia/xo 
oxKpbixb uiKaxyjiKy. 3xo\iy cooxBexcxByex CKo6i<a {. flajiee Mbi AOAaciibi 
oxKpbixb KOHBepx, x. e. cico6i<y (. Flocjie axoro Mbi AocxaeM rincbMo, mh- 
xaeM ero, npaneM o6paxno b KOHBepx h 3ai<pbiBaeM KOHBepx; axoMy co- 
oxBexcxByex, pa3yMeexca, 3aKpbiBaioma>i ) CKo6Ka. Hai<oiieu, Mbi 3ai<pbi- 
BaeM uiKaxyjiKy, ncnoAb3yH CKo6icy }. Pe3y;ibxax, ohcbii^iio, xaKoii: {()}, 
H 3xo npaBHJibHO c(J)opMHpoBanHaa CKo6o4iiaa crpyiaypa c npaBiuibiibiM 
nopa^KOM BAO^cennocxH. Ham iianajibiibiH npiiMep {(}) cooxBexcxByex 
CHxyauHH, Koxopyio moxcho omicaxb xaic oxKpbixb uiKaxyjiKy, oxKpbixb 
KOHBepx, Aocxaxb niicbMO, 3ai<pbixb uiKaxyjiKy, 3ai<pbixb KOHBepx. Ho icaic 
pa3 nocAeAiiee AencxBHe BbinojiHHXb h neB03MO>Kiio - nii<axy;iKa 3aKpbi- 
xa, h ao KoiiBepxa, Aex<amero b new, Ao6paxbc*i y>i<e hcbo 3 mo>kho! 


Padomasi Had amou 3 adaueu, mu noc/iOneKomoposo pa 3 Mbiuuienusi patio 
ujiu no3dno npuxoduM k eueody 0 moM, l imo peiuenue, ocnooannoe ua uc- 
no3b30oanuu cnemnuKa (ujiu daoice necKOJibtcux cuerwiuKOo), no-ouduMOMy, 
cnedyem orndpocumb. CnemuuK xopouiopadomaji djui nepaozo cnynasi, nozda 
y hoc 6 buiu cko6ku mojibKO odnozo muna. Ezo 6buio enojine docmamomio dnsi 
xpanenusi oceu umpopMayuu 06 yj/ce npocMompennoM ynacrtiKe cKodomiou 
cmpyKmypbi, nocjiedyiouyxe cko6ku mojibKO Modu(puu,upooajiu cocmosmue 
CHemuuKa, no neMensuiu cyiyecmoa odpadamuoaeMou wnpopMaipiu - mun 
cko6ku ocmaoajicsi npedicnuM, u Mbi mozjiu ezo uznopupooamb. Kok mojib- 
ko munoo cko6ok cmajio dojibute, Memod nepecmaji p adorn amt, on nodouien 
k zpauuyoM npuMenuMOcmu. nocmynaioiyaji umpopMayusi y vce tie Moxcem 
dumb coxpanena mojibKO c ucnojib 3 oeanueM cuernuuKOO - wupopMaiyai ne 

mojibKO cmajio dojibuie, caMa wupopMayun cmajia dpyzou. 

Memod c ucnojib3oeanueM cnemuuKa npocm u nonswien: hum npuobimio 
umo-mo nodcvumbiaamb. Ho oceMy nacmynaem npeden, sa Komopuu uado 

obixodumb. 


A Tencpi) nocJie 3Toro hccko/ii.ko 3 aTSUiyBiueroca omicaium upturn 
6 c 3 V cncuim>.x nonbiroK anajmsa cKo 6 omioii CTpyKTypbi c paMiwiwM.i 
nmaMH cko 6 ok, mw nepexoAHM k MaanoMyaciicruyiomcMy/nmy - crc'KV 
Ho npeacae bcm mm npoflOJiacuM, iiaM npii/ierca nciiaAOAro tipcpBaTbOi 
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3aAann, npi/iBOASiwi/ie k cTei<y 


CjieayiomHe HecKOJibKO CTpainm 6yAyT oneiib BaxuibiMii, nocKOAb- 
Ky Mbi co6npaeMCH paccKa3aTb, i ito Tai<oc CTeK, onnuieM oTiiociniiyio- 
ca k CTeny TepMHiioAormo, bbcacm o6o3iia4eiina, Koropbic iio3boa>iiot 

M30aBllTbCH OT MHOrOCJIOBIIbIX OIlMCaHHH, H, IiaKOHeu, paCCKa>KeM o ne- 
KOTOpblX OCHOBHbIX OnepaUHflX CO CTCKOM. B03M0>K1I0, lie cpa3y 6y/lCT 

nouHTHo - j \ j\h aero Mbi Ha BpeMA otjiokiuih iiamy 3a;iaHy, no riorep- 

niiTe. Bee 3to iieo6xoAMMO 6ynej TuuaTeAbiio ii3yMirn>, iai< hto /lauaiire 

npHCTynHM. 


CreK: 3HaKOMCTBO 

06paTHMca k KJiaccHKe h no3aiiMCTByeM onpeAejienne cTei<a y AouajibAa 

KnyTa: 

CmeK - amo MineuHbiu cnucoK, 6 KomopoM ece onepa^uu ecmaoKU u yda- 
Jienusi (u, xaK npaoiuio, onepayuu doemyna k daniibiM) Gbino/nuiiomai 
mojibKO na odnoM 113 kouu, 06 cnucKa. 

J\jm 3iiaTOKa CTpyKTyp Aamibix 3xoro, cicopee Bcero, 6yACT AOCTaTonno. 
Ho Bce-TaKii AaoaMTe yACJiHM onpeAejieinno CTei<a neicoTopoe BpeMH. Ca- 
Moe Baxcuoe b stom onpeAejieiniii - noc/ie/ume cjiOBa, a iimciiiio «TOJibKO 
na oahom H3 kohuob». HaBepnoe, npom^cero nponjuiiocTpiipoBaTb, hto 
Tai<oe CTeK, - npiiBecTii HecKOJibKO npiiMepoB, KOTOpbie dccm, naAeeMca, 
6yAyT 3iiaK0Mbi 11 noiiaTiibi. 

IlepBbiH npHMep CTeKa Mbi o6napy>KiiBaeM b actckoh iirpyuiKe. Bccm, 
BCpoaTno, 3iiai<0Ma actcioh rmpaMHAKa: 3aKperuieHiibin na ocnouanun 
CTepjKeiib, Ha KOTopbiii naAeTbi pa3HOUBeTiibie ahckh. Aj hi Toro hto6m 
noMecTHTb na CTepaceiib iiobmh ahck, neo6xoAnMO naACTb ero na cboooa- 
Hbiii Konen CTepxciia. HTo6bi y6paTb co CTepacini ahck, ero neo6xoAHMo 
ciiATb co CBo6oAHoro Konua cTep>KiiM. TaKHM o6pa30M, n Ao6aBJienne, 
n yAaJieiiHe ahckob ocymecTB/iaioxoi Bceivia tojibko c OAiioro KOima 
CTepauia; mi CHHMaTb, nn naAeBaTb ahckh co cxoponbi ocnoBanini mi 
paMHAKH lie;ib3H. ^aJiee, HeB03M05KH0 CHHTb AHCK, liaA KOTOpbIM eCTb 
Apynic ahckh, h ueB03M0KH0 Ao6aBHTb iioBbiii ahck nnaHC, kbk uouepx 
Apynix. Ahck, Ao6aD;ieiuibiH nocneAHHM, mo>kiio 6yAeT cioiTb nepBWM; 

tuck Ao6aBJieniibiH nepBUM, 6yAeT chat b nocAeAinoio onepeAb. 

Eme oahh KJiaccnHecKini np.iMep CTeica - c TO n K a iioaiiocob b Kacjie 
caMOo6cJiy*HBaHiw. Mbi momm bsati, toamco cawbiH Bcpxnnn hoahoc 
H 3 cTonKH. Koi-Aa HOAHOCbi aaKaiiHHBaiOTca, corpyAiniK Ka(|)e npiinotiiT 

HOBbie. Ilofliioc H a caMOM uepxy ctohkh - aro noc nernnu 

hoahoc; hoahoc na Ai.e ctohkh - caMbiii nepub.ii Ao6a»/,cmn,m hoahoc. 
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Mot wvw 

UAHKATb) 


<T1I \CCJIH, KOIlOMMO 
* nOAHOC 113 


mo i roll t maa'U ih 
PCAHIIU CTOIIKII Paimo K 

hoctii To6aBHTi» noAitoc b cepcAiniy ctoiikh 

Hto6hl. HaKOHCH, flCpCHTM K AOAV. npilBOAOM OlIK OA 


, IKl)OU,|Tt M H 

k ii hot ini 


IpllMOp. VltTI'A 


3HH AA« XpailCHIW naTpOHOB B OniCCTpCAbllOM op\ AMM Omohiuho 4 TO 
nepBWM 6 vact iicnoAbaoBan tot naTpoii, KOTopbin 6bu noviemeii h \m 
ra3iiu nocjicAMiiM. IlaTpon, AoCaBAeiiiibiii b \ianunn nepauM 6\ tot hc 


nOAb30BaH IlOCJieAHHM. 

Bo bccx Tpex npiiMepax mu BHAe.ni oahii h tot ao tiiii iioih u uiis u». 
4 to 6ujio Ao6aBAeno ncpubiM (ahck, hoahoc. naipoii). 6> aot iicnaihao- 
Bano nocJieAHHM. To ace caxioe moxho cxa3aTb it Tax to. mto 6uao io- 
6aBAeno nocAeAHHM, 6yACT ncnoAb30Bano iiepBUM Kax paj lib -tom 
(J)opMbi onpeAeAeiniH cymecTByeT 3KBifBaAcimiaA xpaTKa* *Lnst In Firyf 
Out», mah npocTo - LIFO. 

MTaK, onepauHM BCTauxn n yAaAcmiA in onpo to lrmui npimc u imoro 
b HaMaJie pa3AeAa, noA4iiiiAK)TtA Ancumi.nmc I II O Tak.in cTp\KTypa 

AaHHblX H eCTb CTCK. 

Tenepb, KorAa o6maa HAeflCTCKa cr.ua (inuot mi >0 moiihtmoh ii.ut.lio 
BpewA AoroBopitTboi o tom, KaK ctck MOBUio imofipaacaTb Tpa(|)IIMeCKII 
CymecrayiOT Tpw ochobhux < uoco6a m to6paxetiii* crcica, 11 bccohii uiii- 

pOKO HCnOAb3yiOTC>I B AHTCpai ypo IIO Iipj>rpaWMllpOlMimK> II C TP> KT\ paM 

AaHHbix. IlepBbie abb cnoco6a npaKTimcoKii lucimruibt ,ip> r ,ip\ n 06- 


cyAMM cuanajia wx. 

IloCKOAbKy CTCK, KaK 11 BCAKcW ApyniA CTpyKT\ pa .UlMllblX ( r«lKa>l KAK 
MaCCHB, CmiCOK, AepeBO 11 npOM.), XpailllTCH B naMBTII, B 00IIOBl* nepBbIX 
AByx cnoco6oB npeACTaBAemiA ctckb ackiit oTo6paaccifiu crona KaK iia- 
6opa AMeeK naMATH. HaiioMiniM, 4to naMATb jto nocvicAOBaTe. 1 biiot rb 
AneeK. KaAAaA nneftKa iimcct iioMep (ot 0 ao lieKOTopoii utviiiMinibi). ii m 
adpec. Hmchkh naMATH c MdibuiMMii aApeca\ni cmutuiotca pacno;io*en- 
iibiMH 6;iiiAe k HanaAy, a c 6o;ibiuiiMH Cmuxe k kohuv iuimath Boo 
AM eiiKii naMATH coBepuieiiuo paBiionpamibi. 11 hot miKaKiix ocnoBaiiiiii 

CAHTaTb Te HAH HHblC 113 HHX 6oACC HAI1 MCHCC BaJKIlbIMIl. 

rpac|)H4CCKIl IiaMATb H3o6paAaCTCA B B1IAC IlOCACAOBaTCVlbllOCTIU MCA 

Hbix ahcck. CieK moact pacTH KaK b HanpaBAcmm ot Mciibimix aApecoB 
K 60JIbIUllM, Tax H Hao6o P OT - OT 6ojIbUIIIX a^peCOB K MCHblllllM. Ec.HI 

VCJIOBHTbCJl, HTO H'leiiKH C MeHblllHMH aapecaMH (T. c Te, -ITO pacno.io- 
* e „b, 6™*e k nanajiy naMHT,.) roo6paacaK)Tca iiuxe »nceK c 6<»ibiiniMii 
aapecaMH, to nepBbie aua cnoco6a H3o6pa*a.OT ctck Tax, k,«k iioKaaai.o 

na cAeAyiouieM piicyiiKe: 
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3 aAaHi/i, npi/i 80 AsiLLii/ie k creKy 


cTapwMe aApeca naMATM 


BepuiMHa 


AHO 




AHO 


BepuiMHa 


M/iaAuiMe aApeca naMHTM 

Ha JieBOM pMcyiiKe CTeic pacieT b iianpaBJieinm ot Meiibuinx a;ipe- 
COB K 6oJIblUHM (t. e. CHH3y BBepx), Iia BTOpOM - OT 6oAbIIIIlX aApCCOB 
k Men bin hm (t. e. CBepxy B 11113 ). ITo noBOAy ii3o6pa>Keinibix na pncy m<ax 
CTpeAOK C liaAnHCHMH «A1I0» H «BepillHIia» MbI BCKOpC riOl'OBOpiIM no- 

Apo6nee. 

B 6ojibiuuncmee KOMribiomepubix apxumei<myp cmeK, kgk npcwujio, pac- 
mem coepxy enu3, m. e. om 6ojibiuux adpecoa k MenbiuuM (npciobiu pucij- 
hok, cm. Gbiiue). B dcuibneumeM Mbi 6ydeM np udepoicu go mb csi uMenno ma- 
kozo cnoco6a u3o6pajicenuM cmeica, no UMeume a eudy, umo uacmo mojioio 
ocmpemurrib u dpyzou cnoco6 (mom, umq^cjieoa). Bbi6op nanpaojienusi ne 
npunyunuajien, u npozpaMMUcm enpaoe ucnojib30oamb mom, Komopbiu kg- 
Memcsi eMy 6ojiee nodxodmyuM. 

Konenno, unmyumueno neobiu oapuanm KQMemcsi oonee npueneKamenb- 
nbL\t, m. k. Mbi npuobiKJiu cmimamb om Menbuiux 3iiauenuu k oojibiuuM, no 
noemopuMca, nmo nanpaojienue enema - 3mo eonpoc coznamenusi . 

TpeTHM cnoco6 npeACTaBJieima cxei<a no3Bo.'iacr ii3o6pa>KaTb creic 11 c 
B BltAe piICyilKOB, a B BlIAe CTpOKH, KOTOpyiO MO>KIIO l I 1 ITATb npiIBblHIIblM 
cnocoGoM, t. e. cneBa nanpaBO. On, KOHeHHO, necKOJibKO Meiiee nar;i>iAeii, 
mcm pHcyiiKH, 110 y iiero HMeeTca oaho 6eccnopuoe npeiiMyinecTBo - kom- 
naKTHOCTb. 3 tot ciioco 6 npeACTaBJieiiHH cTena BbiivuiAin cvieAyiomiiM 

o6pa30M: 

\ 1 4 109 -58 

3 A ecb H3o6pa>Keii ctck c TeM >kc caMbiM cofleprciiMbiM, hto 11 b ncp- 
Bbix AUVX CJiywaax. CreK pacrex cjicua nanpaiio fluo ctcks oooauanaercH 
cum bo noM *\+ (BiiponeM, cnoco6 0603iiaMCMiuH iicnpimuuiuiajioii, u mw 
mot 111 6 b. ubi6paxi> :no6oi, apyroft chmboa nan nonce nimero ne "cnojn. 
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30Baib). Bepuinna CTCKa oGbimuo inixax 11 c o6o3iiaMaeToi; CMinacroi, mto 
Bepuiima - sto npocTo caMbiii npaBbiii ajieMeiiT b crpoxe. 

ripeiiMyiuecTBO nocjieAiiero o6o3iia i ieiiH« ne tojibxo (ii Aa>xe ne 

CTOJIbKO) B CIO KOMIiaKTIIOCTH, CXOJIbKO B TOM, MTO Oil H03B0JIMCT JICTKO 

M3o6pa^KaTb H3MeiienHfl, iipoHCxoAfliune b CTei<e, t. e. coAepxaiMoe ctcio 
b pa3JiiiMHbie MOMeiiTbi BpeMenn: Be/ib 3anncbiBarb b crpoxy icy/ia upoiue, 
neM pHCOBaTb. ilonycTHM, Mbi npoBe;iH naA C0Aep>xHMbiM cTcica xaxiie-TO 
onepauHH (06 onepaunax peMb noiiAeT MyTb no3>ice). ncpBbie ABa cnoco6a 
H3o6pa>KeiiHa CTexa, kohcmiio, iiannazuibi h y/to6n l»i, iio TpyAoeMxn. Kpo- 
mc toto, hx cjio>kho c^ejiaTb MacTbio AOicyMeiiTamm uporpaMMiioro xo/ia. 
TpeTHH cnoco6 peuiaeT 3th npo6^eMbi ajieMeiiTapno: 

[-1 4 109 -58 |- 1 4 109 -58 49 


3aecb noKa3anbi ab a coctoaiiha CTexa: ;io oiiepamm (cjieBa or cTpeji- 
kh) h nocjie onepauHH (cnpaBa ot cTpejixn). Omcbhaho, mto Taxaa ;m- 
nennaa c})opMa 3anncH coctoahhh CTexa no3BOJiaer 3anncbiBaTb (n Aoxy- 
MenTMpOBaTb) Bee ocHOBiibie onepaunii naA ctckom. riepBbic ABa criocooa 
AAH 3 TOTO MepeCMyp rp0M03AKII. 


Cnoco6 3anncH coctoaiiha crexa b Bii/ie CTpoxn na3biBacTca crneKO- 
gou duazpaMMOU (hah duazpajuMOU cmem) n bbamctoi o6menpniiflTbiM. 
Mbi 6y^eM npiiMenriTb xax rpa(J)HMecxoe ii3o6pa>Keiiue CTexa b Bii/ie Bep- 
TiixajibHbix aMeeic naMMTii (npn 3tom 6yner CMiiTaTbca, mto cxex pacreT 
CBepxy BHH 3 - ot 6 ojibLUMx aApecoB nayiriTii k MeiibimiM, mto cootbct- 
CTByeT npaBOMy pricynxy, ripHBeAemioMy Bbime), Tax h crexoBbie /jiia- 

rpaMMbi, OT/iaBaa nocjie/uiHM npeAnoMTeime. 

Tenepb, xoraa Mbi o 6 cyAHJin ocuoBiibie cnoco 6 bi H3o6pa>xeiniM ctckob, 
mojkiio, naxoiieu, o 6 paTHTbca x noiiriTiiriM A»a n Bcpmmibi cTexa, xoto- 

pbie, cxopee Bcero, y>xe h 6e3 Toro BiiOAiie noinmibi. 

He(l)opMajibiio roBopa, duo - oto mccto, iiaMimaa c xoxoporo iiaxaiiAii- 


BaioTca 3JieMenrbi CTexa. B TepMimax aApecou naMani Aiio 3io a;ipcc 
HMeiiKH naMHTH, c xoroporo iiaMimaeTca yMacrox naMani, BbiAeJieiinoii 

CTexy. 

Earn CTex pacTCT cnii3y BBcpx, to ero aho - a Me nx a riaMaru c iian- 
MCiibinnM BBWCJieHHWM aApecoM (ne o6a3aienbiio 0); ecjin ctcx pacreT 
CBepxy BHM3, to ero jx\ io - snei ixa nawATii c naii6oAbiiiuM Bbi/icaeuiibiM 
aApccoM (nc o 6 H 3 aTejibiio iiocacahhm). J\nn yiyMinero noiiHMaima pac- 
CMOTpHM npHMep. riycTb iV in CTexa Bbwejien ynacrox iiaMrim c aapcca- 
Mll OT 1000 AO 2000 (BionoMiiTCAbiio). Ecaii crcx pacreT cmiay iniepx. 
TO aho CTCKa pacnoJiaraeTCH b b'ichkc c a/ipecoM 1000 Hobb.c amieiiTU 
nocacAOBaTeahuo ,uonay.a.oT» d hmcmkii naMsm, c aApccaM.. 1000. 1001. 
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1002, 2000. Ecjih ctck pacieT cuepxy biiii3, to aho crcKa pacnojiara- 

eTca b aaeiiKe naMHTH c aApecoM 2000, h Tenepb noBbie o;ieMcnn»i no- 

CJieAOBaTeJibiio «nonaAaiOT» b aaeiiKH iiaMam c a/ipecaMii 2000 1999 

1998,1000. 

Bepuiwua CTeKa - oto H4ewi<a naMHTH, b Koropyio 6bui Ao6aBjien hjih 

H3 KOTopoH 6yAeT yAajien nocjieAHHM AoOaBJiemibiH ajieMeiiT creica. Pac- 

CMOTpiiM npHMep: 

[-+ |- 1 -► I* 1 99 -► |- 1 99 -13 

nycTb H3HaaajibHO CTeic 6biJi nycT (t. e. nc co/j[cp>Ka./i miKaiciix 3 jicmch- 
tob). 3aTeM Mbi Ao6aBHJin b ctck miicjio 1. Ha nero yi<a3biBaeT aepwuna 
cmeKa. Tenepb nocjieAOBaTeabiio Ao6aBHM b cxeic miicjio 99 n miicjio -13 
(cm. pncynoK). OaeBMAno, mto ctck coAepJKHT y>xe Tpn ajieMeina (b rio- 
paAKe Ao6aBJienna 1, 99, -13), t. e. CTeic ne nycT. Ha Bepunme cieKa - 
nocaeAiiee Ao6aBJiennoe mhcjio (-13). IIpoaojdkhm h yAajniM 113 ciexa 
oahu 3JieMeiiT. Tai< i<ai< CTei< - oto CTpyicrypa Aamibix, noAHHiiaiomaaca 
AHcminJiMiie LIFO, to yAajiaeMbiM ajieweHTOM 6yAeT nocjieAiniii Ao6aB- 
JiennbiH (t. e. -13), mhcjio 99 Tenepb 6yAeT na Bepmmie CTei<a, n ctck npii- 
MeT cjieAyiomnn bha: 

|- 1 99 

BMecmo mepMuna «eepiuuna» npozpoMMucmbi uacmo ucnojib3yiom 
mepMun «iOJioea» cmeKa. BMecmo mepMtia «dno» ocmpeuaemai mep- 
muh «ocHoeanues> cmeKa. Onepaupn do6aojienuM noooio ojieMenma a cmeK 
o6biuno nasbioaemcx «npoma/iKueanueM» o cmeK (ecnoMnume auanonno 
c M0Z03UH0M oznecmpejibHOZO opyMiui). Onepayu .h ydajieuun ojieMenma 
uacmo na3bieaemcM «ebimajiKuoanueM» U3 cmeKa. Met oydeM mupoKO uc- 
nojib30oamb oce 3mu mepMUHbi, m. k. ohu doaojibno mouno omoopajuaiom 

ocHoeubie noHxmuH cmeKa u onepaipxu nad hum. 

B npoipciMMax u onucanunx cuizopumMoe dnsi o6o3iiauenusi duo u oep- 
uiunbi cmeKa nacmo ucnoRboyiomcsi obosnauenusr. coomaemcmaenno bottom 
(iliu npocmo bot) u top (wiu unozda tail u head coomaemcmaenno). 

Ctck npeAHa3HaMen AJia xpaiiemia b new Jiio6oii iiucl)opMamiii no 
TOJibKO HHcen. HO H CHMBOTiOB h «a*e crpyxryp B iiauicii Kinire ctck 6y- 
act HcnoAb30BaTbca npeiiMyinecTBeHiio Ana xpaiiemia miiccji. 

noKaxceM ne6oJibiuoH npiiMep ncnoJibaoBaiiiia creKa: nepcuopor expo- 
Kii HanpHMep,ecjlH na uxo/ie HMeeTca c tpoi<a HelloWorld, to H eo6xoflH- 
MO „a BbixoAC ncMiyMMTb ctpoKy dlroWolleH. Hcno^yn ctck, cacvkuk 

3to npoiue npocToro: 










CTeK 3H6KOMCTBO 


❖ 



O noonepeAno, chmboji 3a chmbojiom, nporojiKiiyxb b ctck bcc ciim- 
BOJibi, cocxaBJiniomne BXOAiiyio cxpoicy (t. e. npoxojncnyxb II, aa- 
reM e, noTOM 1 h t. a. Bnjioxb ao cl); 

O nooHepeaiio, chmboa 3a chmbojiom, Bbixojnciiyxb 113 cxeica bcc naxo- 

JWI unecn b HeM chmboji bi (cnanajia d, 3areM i h t. a. biijioti, /io W). 

Hy pa3Be He npocro? 

Tenepb naM ociajiocb oOcyAiixb ocnoeiibie onepaipiu na/i ctckom. Floica 
naM noHaAoOnxcH TOJibico Tpn H3 hhx (mm 6y/ieM BBo/iiiTb noBbic onepa- 
UHH nocTenemio, no Mepe neo6xoAHMocxn). C AByMJi H3 hhx mm y>Ke no- 
3naKOMHJiHCb. IlepBan onepamm - AoOaBJiemie (iipoxajiiciiBainie) iiobo- 
ro ajieMeiiTa b ctck: push. Bxopan onepamm - yAajieiuie (BbiTajiKHBainie) 
3 JieMenTa H3 CTeKa: pop. 

Tpexbfl onepamifl npoBepnex cxeic Ha nycToxy: empty. 

Kaacexca, mxo sxh onepamni ne iiy>KAaioxcM b ocodbix icoMMeiixapnax, 


ho flaBaiixe nocMoxpHM, xaK jih axo. 

Hxo, ecjin Mbi nonbixaeMca yAajmxb ajieMeux H3 nycxoro cxeica? 3xo, 
6eccnopno, omn6Ka, h hmchho jyui npejioxBpauicnioi axoii ouihokii (ona 
na3biBaexca underflow - onycxoinenne, Hcnepnaiine) h bboahxcm onepa- 
UHa empty. rioica Bee JiorHMiio: ecjin onepamm empty Bcpnex jiorn^ecKoe 
3HaHeiiHe true (x. e. ncxniia), xo ncnojib30Baxb oriepamno yjiajieium (bm- 
xajiKHBanHa) ajieMeuxa pop iiejib3*i; b npoxiiBiioM cjiyuae onepamni pop 
6y^ex Bbinojineiiaycnemiio. Tenepb ripeAcxaBHM, mxo o6beM naMAxn, bm- 
AejieimbiH cxeny, Hcnepnan h cxeic nojinocxbio 3auojnieii. 3xo o3iiaMaer, 
uxo Bee aueHKH cxeKa 3aiiHXbi h ajipec BepuiHiibi cxeica Aocxnr npejiejib- 
noro 3HaHenHH (b npHMepe cxeica, pacrymero ox a/ipeca 2000 ao ajipe- 
ca 1000, npeAeJibiioe 3iiaMeiine cooxBexcxByex ajipecy 1000). Honbrnca 
AoOaBiixb b cxeic HOBbiH ajieMeiix onepamieii push npimcviex k omndice 


nepeiiojiiieniia cxeica (overflow). Ecjiii cpejia Hcnojiueinui rio 3 BOJi«er 
icouxpojiiipoBaxb nepenojiiieHHe cxeica ( i ixo, icaic npamuio, n oiauaci), 10 
paGoxa nporpaMMbi, nbixaiomenca Bbinojinuxb xaicyio onepaumo push, 
o6biMiio 3aBepuiaexca neKoppeicxno. Ecjiii cpe/ia Hcnojnienmi, uanpoxim, 
ne lcoiixpojiiipyex nepeiiojiueiiiia cxeica, xo noBbin ajieMcm b crc u oy 
Aex ;io6aBJieii (b iiameM npHMepe no a/ipecy 999 ), no aro ropaaao xyace, 
ueM omnOica b nepBOM cjiyuae. Torjia Mbi xoxa 6 m 3 najm, mxo omnoica 
CJiyumiacb, uporpaMMa 3 aBepiiiiuiacb AocpoMiio u Mbi AOJiacnbi iipn.o - 
M aTb jipyroe pememte n ycxpannxb npiiMiiny boshhkhobghha oiiihoku 
(uanpuMcp, CJimuKOM 6oJibiuaa rjiy6nna peicypcnnnb.x BbiaoBou). Bo 
bxopom cjiyuae Mbi cJjaKXimecKH nopxHM coAepaciiMoe naMaxn, koto P .ui 
He npnuaAJioKnx cxe.cy. Moaccx cjiyMi.xbca, mxo xa.ca>. 

AopaOoxaex ao icoima n nopMaJibMoaauepnnirax Ho Moao.o ;m ov.u > 
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38A0HH, npi/10OA51llil/ie K CT0Ky 


piiTb pe3yjibTaiaM paboTbi tskoh uporpaMMbi? Koneaiio, nei. noAo6uaa 

CKpbiTaa omn6Ka oaeiib KOBapiia, riocKoabi<y co3/iaeT haaio3iiio toio, mto 

Bee HAeT xoporno. Tax hto CHTyamia nepenoaneHiia Aoaaaia o6a3aTeab- 
HO KOHTpOJIHpOBaTbCH. 

Ha 3tom CKa3aiiHoro o CTei<e n 06 ocnoBiibix onepamiax naa ctckom 
AOCTaTOHiio, h Mbi Mo>KeM BepuyTbca k iiarneH 3aAane - anaaii 3 y cko6om- 
Hbix CTpyKTyp, cocToamiix H3 pa3Jiii i iiibix TiinoB cko6ok. 


CKo6oMHbie CTpyicrypbi: o6lumm cAynafi 

Tenepb, naKOneu, Mbi npaKTuaecKii roTOBbi paccMorpeTb o 6 miiH cay¬ 
man aHaAH3a CKo 6 oHiibix CTpyKTyp, t. e. tbkhx CTpyKTyp, b kotopbix 
BCTpenaioTca aio 6 bie bhaw cko 6 ok h b aio 6 oh KO\i 6 iniamiii. JXjm 3Toro 
Mbi BOcnojib3yeMca TOAbKO mto BBeAemibiM noiiarneM creKa. IlaaneM 
c (npaBHJibiiOH) cko6o4iioh CTpyKTypbi {()}. Xota, kbk Mbi iiomiiiim, 3Ta 
CTpyKTypa npaBiiabiio pa36npaeTca c Hcnoab30BaiuieM CMeraiiKa, b 06 - 
meM cayaae chcthhk OKa3biBaeTca 6 ecciuibiibiM. Octbbiim rioribiTKii pa- 
6oTaTb CO CMeTHHKOM H nOCMOTpiIM, 4CM liaM MO>KCT HOMOMb CTCK. 

06iuhh npHHmm achctbiia 6yAeT TaKHM: KorAa b nocacAOBaTeAbiio- 
cTii BCTpenaeTca aio6aa OTKpbiBaiomaa cKo6i<a (t. e. cKo6ica (, [, { iiah <), 
to Mbi npOTajiKHBaeM ee b ctck. KorAa b nocaeAOBaTeabnocm BCTpcMacr- 
ca Jiio6aa 3aKpbiBaiomaa CKo6i<a (t. e. cKo6i<a ), ], } hah >), mh AeiicTBy- 
eM coraacuo caeayiomeMy npaBHay, KOTopoe, i\m\ KpaTKocTH, na30BCM 
«conocTaBJienneM»: ecaw Tan 3aKpbiBaioin?H cko6kii coBnaaaer c thtiom 
cko6kii 11 a BepuiHiie CTena (a b CTeKe, iianoMiinacM, jiokbt tojibko otkpbi- 
Baiomae cko6kh), to mu BbiTaaiaiBaeM 113 c rei<a oxicpbiBaiomyio ci<o6Ky 
11 nepexoAHM k caeAyioineii CKo6ice bo bxoahoh nocvie/ioBaTCJibiiocrM. 
Ecan Tii 11 3 aKpbiBaiomeii cko6kii ne coBnaAaeT c tmiom cko6kh 11 a Bep- 
uuiiie cTena, to pa36op neMeaneiiHO ocTaiiaBawBaeTca, 11 mu c|)HKcnpycM 

oiun6Ky. 

KoaeMHO, 11 a caoBax 3to BbiraaAHT aahihio 11 nciioiiamo, xaic a to aa- 
Bai'iTC o6paTMMCa k nameMy npwMepy. Bot rai< bmi attain uporoicoa paa- 
6opa (nocaeAOBaTeabiiocTb rnaroB pa36opa cko6omhom cxpyicrypbi npo- 

HVMepoBana Aaa yao 6 cTBa ccbiaoK): 


OpOMUTaHHafl MaCTb CTeK 


{ 

{( 

{() 

{()> 



(1) 

( 2 ) 

(3) 

(4) 

(5) 
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HanoMHHM, mto chmdoji |-o6o3HaMaeT zuio cTei<a. By/icM npe/uiojiaraTi>, 
mto b HaMajie pa36opa cko 6 ohiioh CTpyKTypbl ctck nycu OMMCTKy crcKa 
mohcho o6ecne4HTb pa3HbiMH cnoco 6 aMii, no 3^ecb 06 otom mm roBopurb 
tie 6yaeM. H3iiaMaJibHO hh o/uia ci<o 6 i<a ne iipoMirraiia (mar 1). Tenepb 
mm CHHTbiBaeM nepByio CKo 6 i<y; aro - OTKpbiBaiomaa (jmrypnaa CKo 6 i<a. 
IlocKOJibKy CKo 6 i<a OTKpbiBaiomaa, ona, corjiacno iiamewy ajiropiiTMy, 
npoTa/iKHBaeTCH b ctck (mar 2). HirraeM c;ieAyiomyio ci<o 6 Ky. Ona, i<ai< 
h nepBan, - OTKpbiBaiomaa, xotm ii Apyroro Tuna (a HMeimo - Kpyrjiaa). 
Ee TO>Ke npoTajiKHBaeM b ctck (mar 3). Teriepb b ctckc naxoAMTca ABe 
oncpbiBaiomHe cko 6 i<h. 

npOAOAxcaeM CMHTbiBaTb cko6kh H3 bxoahoh c rpoiai n BCTpenaeM 3a- 
KpbiBaiomyio Kpyrjiyio ci<o6i<y. TyT BCTynaer b /mricTBiie npaBiuio cono- 
CTaBJieiiHH. IlepBoe, mto mm aojdkhm c^ejiaTb, - conocTaBiiTb run tojibko 
mto npoMHTaHHOH 3aKpbiBaiomeii cko6i<h c TimoM cko6km na Bepmnne 
CTeica. Tnnbi coBna^aioT (o6e cico6kh oahoto Tuna, a iiMenno - Kpyrjibic). 
BbiTajiKHBaeM 113 CTena CKo6i<y (oMeBHAiio, Kpyrjiyio oTKpbiBaiomyio); 
noica mto CMHTannaH nocAeAOBaTejibirocTb c(|)opMiipoBana npaBiuibiio 
(mar 4). HaKoneu, CMHTbiBaeM nocjieAmoio CKOoxy. 3ro 3aKpbiBaiomaa 
CKo6Ka. OnHTb npHMenaeM npaBMAO coiiocTaBAeima. Tnn 3ai<pMBaio- 
meii cko6kh coBnaAaeT c tiiiiom cko6i<h na Bepmnne c rexa. BbiTajiKiiBa- 
eM H3 CTena OTKpbiBaiomyio CKo6Ky. A Teriepb - Binmanne. CKOooMiiaa 
CTpyKTypa noAiiocTbio npOMHTana (nnaMe roBOpa - nocaeAOBaTejibiiocTb 
cko6ok 3aKOiiMHAacb), a ctck - nycT. Bmboa: cKo6oMiiaa cTpyicrypa {()} 
c(J)opMHpoBaHa npaBiuibiio. Bot m Bee. CoiviaciiTecb - aaeraimio. ZlaBan- 
tc 3aKpenHM naBbiK n paccMOTpriM 6ojiee cftoacuyio cTpyicTypy {([])<>}• 
rioc;ieAOBaTejibiio BbinnmeM cocToanna cTei<a: 


npOMHTaHHafl HaCTb CTeK 


{ 

{( 

{([ 

{([] 

{([]) 

{([])< 

{([])<> 

{([])<>} 


■ { 

■ {( 

{([ 
• {( 

■ { 

■ {< 

■ { 


( 1 ) 

( 2 ) 

(3) 

(4) 
(5*) 
( 6 *) 
(7) 
( 8 *) 
(9*) 


HoMepa CTpoK, o koto P mx nponcxoAHT conocranae.me rcKymcn npo- 
MHTainioii 3 aKpbinaiomeii cko6kh co CKo6Koii na ncpnnmc cre.<a. iiomc- 
Menu aaea/iOMKoft (•). One.ib bmcho xmareabno naynarb Mwnprattp 
„ yficAMTbo, B TOM, mto pafio.a ctck a noi.aTa npauH/ibi.o. Mb. , .pc.ua. ac 
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caMocTOHTejibiio npHAyMaTb necKOJibKO npuMepoB npauiuibiio a|)opMii- 
poBannbix cko6omiimx CTpyKTyp H npoBepiitb ajiropiiTM iix pa36opa ny- 
xew TiuaTejibnoro BbinMCbiBaiiHfl coctohhhm CTeKa. 

Ecjih CKo 6 oMnaa CTpyKTypa coctoht tojibko 113 cko 6 ok 0411010 xmia 
(to, mto panee Mbi naaBajin ajieMenTapubiM cjiynaeM), to oto, omcbha- 
110, nacTHbin cjiynan o 6 mero Tima CKo 6 oHiibix crpyicryp. Ham ajiropimi 
k 3 TOMy cjiynaio, pa 3 yMeercH, Bno;me npHMeriHM. Miiane roBopa, o mcto- 
Ac c Hcn 0 Jib 30 BanHeM CMeTHHKa mokiio Bonce 3a6biTb h Bcer^a ncriojib 3 o- 
BaTb MeTOA c Hcnojib 30 BaiiHeM CTena. 

PiTaK, Mbi y6eAHJIHCb, MTO CTeK n03B0JI*ieT npOCTO II KOppCKTllO pac- 

no3HaBaTb npaBHJibno c(})opMHpoBaiiiibie cKo6oMiibie CTpyKTypbi. Tcriepb 
Haflo y6eAHTbca b tom, mto stot mctoa no3BOJi*ieT pacno3iiaBaTb 11 iienpa- 
BHJibHbie CKo6oMHbie CTpyKTypbi. PaccMOTpiiM y>Ke 3iiaKOMbin naM npn- 

Me P {(}): 


flpOHMTaHHafl MaCTb 

CTeK 





( 1 ) 

{ 


■ { 

( 2 ) 

{( 


• {( 

( 3 ) 

{(} 


■ {( 

( 4 *) 


flaBaHTe noApo6no paccMOTpiiM 3tot npoTOKOji pa36opa. B nepBbix 
CTpOKax npoiicxoAMT MTeHHe OTKpbmaiomux cko6ok ((|)Hrypii0H ii i<pyr- 
Jioii) h HX npoTajiKUBarine b CTeK. IIoKa Bee imeT icai< na/io. Ho box mm 
MiiTaeM 3aKpbiBaiomyio CKo6Ky } (mar 4). B nrpy ocTynaer upaBiuio co- 
nocTaBJieiiHM: iieo6xoAHMo cpaBiinxb ran 3aKpbiBaiomeii cko6kh c thiiom 
cko6kh na BepmMue CTei<a. M TyT o6napy^iBaeTca, mto mx tiiiim ne co- 
Bna^aiOT. Mbi ne MoaceM BbiTOJiKiiyTb 113 CTexa oTKpbiBaiomyio ci<o6Ky, 
nocKO^bKy ann nee neT napiiow 3aKpbiBaiomeii xoro >kc xmia. ZJa.nbiiie 
mojkho yace He anaJiH3HpoBaTb - ci<o6oMiia>i cxpyKxypa cocxaBjieiia ne- 
npaBHJibHO, h Mbi (J)HKCHpyeM 01m 16Ky. 3aicpeniiM pe3y;ibxaT, jv m mci o 
paccMOTpiiM cKo6oMiiyio cTpyKTypy ((()}): 


npOMMTaHHafl MaCTb CTeK 


( 

(( 

((( 

((() 

((()} 


( 

■ ( ( 

■ ((( 
( ( 

■ ( ( 


(1) 

( 2 ) 

(3) 

(4) 
(5*) 
( 6 *) 


Kau ii paiibine, i.OMepa crpoK, b Koropwx nponcxo/urr conocTau;ieiine 
veKymeii npom.Tam.ou aaKpb.Ba.o.nefi cko6k.i co cko6kou „a Bep.rn.ne 
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CTCKH, nOMCHClIbl 3BC3/JOHKOH (*). IloHaMaJiy BCC H/JCT IipCKpatllO Mb! 

npoTajiKHBaeM b ctck xpii OTKpbiBaiomne ckooiui, bc rpcnacM 3aicpbiuaio- 
uiyjo CKo6i<y (Kpyniyio), conocTaB/meiu ec co cko6i<oh iia BcpuiHiie cre- 
Ka u BbiTajiKHBaeM (mar 5) H3 CTei<a OTKpbiBaiomyio cico6Ky. Ho bot mm 
CHHT biBaeM 3ai<pbiBaiomyio CKo6i<y Apyroro Tima (a HMemio c|)i irypnyio). 
IIonbiTKa conocTaBJieniiH stoh cko6kh co cko6kom na Bepmmic cTei<a 
repriHT Heyaany (mar 6), AajibneiimiiH pa36op ripeKpamacTca, u mbi (|)hk- 
CHpyeM omH6Ky. 

Eiue oahh npocTOH npiiMep:) (. Tyx Bee ajieMenxapiio. Mbi cMiixbiBacM 
3ai<pbiBaiomyio CKo6Ky n ribiTaeMCM conocTaBHTb ee tiiii c tiioom cko6kii 
na BepuiHHe CTei<a. Ho Bejib ctck nycT h conocTaBJiaxb ncMero! Pe3y^bxaT: 
CKo6oMHaH CTpyKTypa ) ( omn6oMiia. Hanocne/ioK pacciuoTpiiiu cme o;my 
CHTyauHio: (){. Bot npoTOKOJi pa36opa axoii cko6omiioh CTpyKTypbi: 


npoMMTaHHan sacTb CTeK 




(1) 

( 

■ ( 

(2) 

0 


00 

o{ 

■ { 

(4) 


riepBbie ABe cko6kh o6pa3yioT npamuibnyio (aonycTiiMyio) l iacTb 
cko6ohhom CTpyKTypbi (mam 1, 2 h 3). noaBJiemie cjic/iyiomeii cko6kii 
( mar 4) o6pa6aTbiBaeTca, icaK h npoicae, - nocicojibicy cicooica on<pbiBaio- 
maa, to 011a npoTajiKiiBaexca b ctck. M TyTCKo6oMiiaa CTpyKTypa 3ai<aiiMii- 
BaeTCH - cko 6 ok b new 6o;ibme neT. Pa3yMeerca, dto ouin6i<a, 11 CKOoomiaa 
CTpyKTypa (){ cawTaeTca ccJ)opMHpoBannoH neBepno. JXjih 3aKpenjieima 
no/iyMeiiiibix 3iiannH mm peKOMeiwycM cocraBiiTb ucckojibko cko6omiimx 
cxpy KTyp (KaK npaBHJibiio, Tai< m iienpaBiuibfo c(|)opMiipOBanin>ix) 11 nua- 
TCVlbllO npOBepiITb MX TOJIbKO 4T0 paCCMOTpeilHbIM CIIOC060M. 

Hopa HOABOAHTb neKOTopbie htotm. Beiiowm-ne, ckojibko yciuniri 
Mbi noTpaTiWM na to, i no6bi npouepaxb CKOOOMiibie crpyicrypbi, coc 10 a- 
mne 113 cko6ok tojibko o/moro Tuna. Mbi aojokiim 6buin bbcctii cmctmiik 
u KoppcKTiipoBaTb ero 3Ha i ieiiHe bchkhh pa3, Kor/ia c i iMibiB<uiaci> o i icpcvt- 
uaa CKo6Ka. Ho 3TOT mcto/x oKasa/ica cjihiukom «c;ia6», i<ai< tojibko cko- 
6oMuaa CTpyKTypa CTana BKHKwaTb b cc6a apyrae twin cko6ok. B mcm 
iipiiMiiiia 3T0M «CJia6ocrn»? Mbi yx<c yiioMiinajni 06 dtom , ho roivia aro 
6mjio TOJibKO npe;uiojio»enne. Tencpb mm roTOBbi /iaib otijct. 

Hto HOBoro asui iia\i ctck? On jiaji D 03 MQ*n 0 c T b xpanenu* y*e npo- 
MHTaiiHbix n o6pa6orannbix flannbix. Cmctmuk, npn nceii ero npoc rorc 
„ npMBJieKaTeJibHOCTn, lie <*iiom...ui» npcawcTopm. ckoook. Cmctmmk 
( pHKcnpOBaJi ro;ib K o <t>aKTbi nomuicmm oTKpbmaiomnx n jaKpwuaio 
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iuiix cko6ok, ho ue hx Tunbi. Ctck no3BOAfleT 3arioMiniaTb npcAbiAymyio 
uu(j)opMaumo, conocTaBAATb 3Ty coxpanennyio Hii(|)opMamuo c hoboh 
Hnc|)opMauneii w na ocnoBe pe3yAbTaxoB conocxaBAeiniA npiimiMaTb pe- 
iHGinie o AaJibiieHuiHX ACHCTBH51X. MiibiMH CAOBaMii, ctck pa6oiacx Kai< 
naMxmb. KoiieHiio, i<ai< naMATb cnemi(|)iHiecKoro BHAa, bcab b ctckc ao- 
CTyn ocymecTBJiHeTCA TOjibKo b oahom mcctc - b ero Bepuiinie. Miic|)op- 
MauiHH, aOK aiuan nn>Ke Bepininibi CTexa (niibiMii cAOBaMH, ini(|)opMamia, 
Ao6aBACHnaA panbine), He AOCTynna. Ho 3Toro oica3ajiocb Bno.ane Aocxa- 
T04H0 aah pemeHHH 3aAanH. 

Ctck no3BOAAeT ynopaaoMHTb nii(|)opMamiio bo BpeMemi: Aamibie, no- 
CTynHBimie paiibine Apynix (ohh xpaiiATCA 6.an>Ke ko Any CTeica), 6yAyx 
AOCTymibi nocAe Aamibix, nocTyniiBuinx no3>Ke Apymx (ohh xpaiiATCA 
6 ahacc k BepuiHHe CTei<a). noBTOpiiMCA: ctck xpainiT Aainibie b nopAA- 
i<e hx nocTynAeiiHA. Hmchho 3Ta oco6einiocTb - xpaiicinie ini(|)opMannn 
b 3aBHCiiMOCTii ot BpeMeHH ee nocTynACiniA - ACAaer ctck noiiCTHiie ne- 
3aMCHHMbiM, b HeM Mbi ue pa3 ydeAHMCA b AaAbiieHiueM. 

He 6yAe\i OTKAaAbiBaTb h odpaTHMCA k CAeAyiomcii 3aAa i ie, b Koropoii 
CTei< npeACTaneT nepeA iiaMM b hobom KauecTBe. 


noAnporpaMMbi: nocTaHOBKa 3aAann 


BaxuibiM h oneiib noAe3HbiM cpeACTBOM pa3AeAeiniA nporpaMM 11a oTACAb- 

llbie H OTllOCHTeAbHO He3aBHCMMbie COCTaBAAIOIUHC ABAAIOTCA (|)yiIKUllII 

(function), npoueAypbi (procedure), MeTOAbi (method) h noAnporpaMMbi 
(subroutine) Ohh npeACTaBAAioT co6oii na6op achctbhh, ciiadxceniibiH 
iiMeneM. noAnporpaMMbi mo>kiio paccMaxpiiBaxb aboako: kak cpeACTBO 


ynpaBAeiiHA CTpyKTypoii nporpaMMbi h iip^AainiA uporpaMMe Mo/iyjib- 
uocTii nyTCM pa3AeAeiiHA ee na nedojibiinie nacTii 11 Kai< paciuiipeuiic 
A3bii<a nporpaMMiipoBaiiHA hobiamh onepauiiAMH, onpeAeAemibiMii npo- 
rpaMMHCTOM. KaxcAaA cpyiiKmiA, npoucAypa, mctoa hah noAnporpaMMa 
mojkct 6biTb MiioroKpaTiio Bbi3Bana H3 pa3;niAiibix MacTeii nporpaMMbi, 


b TOM MHCAe M3 Apynix (jjyiiKmiH, nponeAyp, mctoaob h rioAnporpaMM. 
B 6oAbIlIHHCTBe COBpeMCHHWX A3bIKOB HpOrpaMMHpOBailHA B03M0XCHM 
xaK>Kc hx peKypcuBiibie bi>i30bl>i; 06 3T0H noAe3iion, miTepecHOH, ho ao 
craxoMiio HenpocTOH bo 3 MO>khocth mu iioroiiopiiM no 3 >Ke, noc.ic roro i<au 
AeTMbHO pa.iCepcMOi c o 6 bimibiMn (t. e. iiepeKypcumibiMii) DbisonaMii. 

ripnimmiuaJibHbix otahhhh mokay (l>ynKiuisiMii, npoucAypaMii. Mcro- 
AaM n u noAnporpaMMaMH uex, h noaxoiuy u AaJibiieiimcM Mbi G.vacm iic- 
ii0JH»3O8arb b KanecxBe nx o6mero iiMeim oahh ii xox >kc, ucxopii'iecKi 
uepBbiii repMini — nodnpo/po-MJibt. 
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Te ue mho me onuimux , o Komopbix cmoum ynoMjniymb, Kacaiomcx goj- 
MOMuocmu 0bipa6ambieamb eo3epaw,aeMbiu pesijnbmam. Tpaduyuonno 
cmimaemcx, htjio cpyHKyuu OKJiiouaioni 0 ce 6 si KoncmpyKywo, G03Gpaiyaio- 
lyyio HCKomopoe 3nauenue (ne o6fi3cimejibno npuMumuonoto muna). Me- 
modbt, a maKJfce nodnpozpaMMbi MOiym kcik G03Gpaiyanib, man u ue 003 - 
Gpaiyamb hukqkux pe 3 yjibmamoo. Hanoney, npoyedypbi, kok npciowio, 
hukqkux pe3yjibmamoQ tie G03Gpaiyaiom. 3mu ommiumi liocsim a ochoghom 
cujimaKcuuecKuu xapanmep u djin nac ue npunyunuajibitbi. 

rioAnporpaMMbi b pa3iibix ;i3biicax nporpaMMiipoBauiifl o(])op,\i./i>iioT- 

B COOTB0TCTBHH C CHIITaKCHCOM 3TIIX H3bII<OB II MOryT BblHIflACTb 110- 

pa3H0My. 3to, oanaKO, ue cymecTBeimo; b Koime koiiuob, liecwoipa na 
BueiiiHHe (BHAHMbie) otjihhhh noanporpaMM, 3aniicamibix na pa3iibix 
H3biKax nporpaMMHpoBaHHH, Bee ohh, b cymnocm, aejiaioT o/uio n to >i<e. 
HTo6bi caejiaTb 3 to yTBepacfleiiHe iianwuibiM, ne 3aBHcamiiM ot ocooen- 
HOCTeii Toro hjih iiiioro a3bii<a nporpaMMHpoBanna, n ozuiOBpeMeimo 
npH^aTb HaiueMy o6cy>KAeiiHio KOiiKpemocTH h yGe/nrrejibiiocTii, Mbi 
nocTymiM cjieayiomHM o6pa30M: BBeaeM iie6o/ibinon n npocToii >i3bii< 
acceivt6;iepa, na ocnoBe KOTOporo npo/jeMOHCTpupyeM ochobiiwc Koimen- 
UHH ynpaBJienna nozuiporpaMMaMH. 


Tom, Kmo paubiue ne cmwiKiwajicsi c acceM6jiepaMu, no cjibimoji o moM, 
umo amo ouenb aiootame u Mcuionoiuimnbie si3biKu npoipoMMupoeanusi, 3a- 
uacmyio CKJionen npeKpaiyamb umenue u omtoiadbiearnb Kttmy a cmopony. 
3mo - 3 a 6 ;iyMdenue. Koneuno, acceM6jiep Mooicem 6bimb oioj/citbiM u mci- 
jionoHxmnbiM . Ho daoaume ne cmaneM moponumbcn: mookho 3amjmamb, 
ycJiOMHumb u cdejiamb neepasyMumejibUbiM umo yiodno, ucnojibsysi choice 
ccLMbie HCHbie KoncmpyKyuu (ocnoMiiume, cKOJibKO jnodeu ne MOiym emimno 
paccK03amb daoice o caMbix npocmbix oeiyax, OanpuMep oSbsicnumb, kcik U3 
nynKma A nonacmb q nyiiKm B). 

Koneuno, npoipaMMUpoeanue na acceAi6jiepe luteem caoio cneyiapuKij, 
nocKOJibKiy acceM6jiepbi «pacnojiaiaiomcn» oceiOJinuib a uicue om npoipaM- 


Mupooanusi a Mouiunnbix Kodax (m. e. om npotpaMMupooanuH na n3biKe 
noaiedoeamejibHocmeu nyneu u edunuy, Komopbie mo/ibKO u «nonuMaem» 
nponeccop) Ho aioMnocmb com a no ce6e ne doomna u ne Mooicem cmjMunm 
npenurncmoueM . B Konye Konyoo, npozpaMMupoeanue - amo peuienue 3a- 
dau cpedu Komopbix ecnw deucmaumejibno ouenb oiootcnbie, no homo- 
p b ,e Mbl mcM ne Menee pemaeM (wiu xonw 6b, numaeMC* peummb). Horn 
acceM6jiep 6ydem cooceM npocmbu, i; MOMcem 6bimb, uymb-uymb cjioxntee 
',6b,,,,, 0,0 kwi bKyjtumopa. Tok umo daoaume om6pocuM caw,emu,, a npoi - 
mo npucmynuM k demy. Mb, youduM, umo a accejudjtepe arm umcto nedo 
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cmynnozo, 6ojiee mozo , c ezo ucnojib3ooauueM Mttozue oeiyu cnianousmioi 
zopa3do stcnee u nonsimnee. 


B ocHOBiibix MepTax naui acce\i6aep no/io6en /ipyniM acceMoaepa.M 

(c T0M npMHTIIbIM OTJIHHHCM, 4T0 Oil AeHCTBHTeabllO npcyieJIbHO IipoCT 
II lie 3aBHCHT OT 0 C 06 eiIII 0 CTen KOIIKpeTHOH apXHTCKTypbl uponeccopa). 
Ero ciiCTeMa KOMaiiA (t. e. iniCTpyianni, KOTOpbie on «nomiMaeT» n cno- 
co6eu BbinojiHHTb), no cpaBiieinno c zipyrniviH acceM6aepaMH, iieBean- 
Ka, 4T0, Koiiemio, AeaaeT ero ne cjihuikom yAo6nbiM /yia npaKTimecKoro 
nporpaMMHpoBamin, no npn neo6xo/niMOCTii OTy ciicTe,\iy KOMaiiA acrxo 
pacmnpnTb. Co6cTBenno, HMenno Tax mm h nocTymiM. KoMaiwbi 6y;iyx 
BBOAHTbcn nocTenenno n TOJibKO Tor^a, xor^a 3to 6y/iex ny>Kiio. TaioiM 
o6pa30M, neo6xoAHMOCTb BBe/teiiMa iiobmx KOMaiw 6y/tex uoikhh pa3 
o6ocnoBbiBaTbcn, a noBbie komsham 6y/tyT noaBaaTbca amiib Tor/ia, xor- 
Aa ueaecoo6pa3HOCTb 3Toro CTaneT oneBHAiion n neo6xo/uiMon. 

/Jjih nanajia bbcacm necKOJibKO TepMiniOB, KOTOpbie 6y/iyx naMii b /iaab- 
HenmeM mnpOKO ncnoab30BaTbCfi. Buijog no/inporpaMMbi 03naMacx, mto 
cJieAyiomHMH aojdkum 6yayT ncnoauHTbcn KOMaiiAbi, cocTaBaaiomne 
mejio nozinporpaMMbi. J\ pyroe na3Baiine /tan axoro AencTBna - nepedana 
ynpaonenusi na nanajio noAnporpaMMbi, nan, mxo xo >Ke cawoe, nepedana 
ynpaojienux no adpecy nmcuia noanporpaMMM, x. e. no aapecy naivmTH, 
naunnan c Koxoporo pacnoaoacena noAnporpaMMa. Hy a a/ipec, i<ai< Mbi 
nOMHHM, - 3xo npocxo HOMep (neorpimarejibiioe ucaoe uncao) auenicn 

naMHTH. 


Tenepb caeayeT pa3o6paTbca, Kai< mm mojkcm 3 a/ian> nan yKa3axb 
a^pec. ZIjih axoro bboahtca noimxne npozpQMMnozo cnemmiKa (nan, xaic 
liuorAa rooopax, cuemuuKa pa 3 Meiyenuji), Koxopbiii 6yaex 06031 lanaxbCH 
Kax PC (ox program counter - ne nyxaxb c personal computer). Ilpo- 


rpaMMHbin cmctuuk - sxo perncxp, o6bi4iio bxo/uuuhu b coctau ripouec- 
copa Ha neKoropbix apxnxei<xypax PC pacnoaaraeTca ne Biiyxpn npo- 
neccopa, a na x 11 . o6men WMHe, u B otom CJiynae on, xaic 11 apyrne bmchkii 
naMHTH, HMeex CBOtf aiflpee. Rjih Hamnx neaeii to, r/ie (JjaKTimecKH pacuo- 
aaraexca PC, 3iiauemui ne HMeeT. PC coacphcht (xpainiT) aapee KOMan- 
Abi, KOTOpaa 6yAeT BbinoaHena caeayiomen. ApncImeTHKo-aornqecKoe 
ycTpoftcTBO (AJIY) Iipoueccopa BbinoaimeT KOMaiiay, naxo/mmyioca no 
xeKymcMy aapecy, a 3aTeM nepeaaer yiipa»aeime no aapecy, KOTOpwH 11 a- 

xoan rca b PC. riocaeaxorocoAepncHMoe PC koppck rnpyeTca xax, htoom 

on VKaaMBM na cnen y.omyio KOMaHfly. Tcm caMbiM o6ecneHiu.acrai nc- 
npepbiunbiii hhWI Bu6opKH KOManai.i, ncioanenna KOManai.i n ucpcxoaa 
K anpocy cjie;iyiomcn KOManAbi. Tenepb ofipamMca k KOMaiwaM. 
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*anteMyc* b PC Mh.imc rosop» ko Mania BR cootbctctby ct oik )\*u^\ 
goto B HCKOTOphtx «3biKa\ nporpa.MMiipoBaiiiw (iianpiiviip Fortran C 
Pascal- iteKOTopwx Bepciwx Basic'a). Kosiaiua BR npepbiii.it 1 miimii) *> 
nocieAOBaTe.ibiiocTh BbinoAiiemtA Koviaiu 11 ncpc.iaeT \ n panic tine ko 
* pacno.io)Kcimoii b npon3BOAbiiofi AwefiKe naMxni C.ic.\yioiiiiiii 
Hc6o.ibmoii npuxiep npoAeMOHCTpiipveT. mto npii stom nponcxo.iin Jo- 


nvcTHM, mto PC coAep>KHT aApec 2000 > ao6»io iiciuxibJOBaTb otxxou 
Mennc [ PC]— 2000, tac KBaApaTHbic cko6km mrnnoTcn kak «co.up mokh 
Mero-Aii6o», t. e. b Ham cm cjiynac «coacp;kiimoc PC - ( b Aim pan pc ii io- 
KyMeHTauHH Macro HcnoAb3yjOTCA Taic^e 06031 iaMe hi ia (PC) ii c(PC) ot 
CAOBa content). 3to 03 naMaeT, mto cacaykhiu h on act nuiiaim na kom.ui- 
Aa, KOTopaA xpaHHTCA no aApccy 2000. 3to t ii Mfnfn <tnu>ot^u adpre no 
HaM AaHHbiit TepMHH ne noiia.io6iiTCH IlycTb no aApecy 2000 xpainiTOi 

KOManAa BR 2500 (t. e. [2000] -BR 2500) 


AApec KoMaHAa 


2000 BR 2500 

2001 
2002 
« • • 

2500 ; ck)A 3 6yAeT nepeAaHO ynpaoneMne no iconanae 6R 2500 


(TOMKa c 3anATOH «;» - npiraiiaic mmajia crpoKii c Ko.MMCirrapiicM Miioro- 
tomha yi<a3biBaioT na iiponymeimbie (pparMcirru iiporpaMMbi. cipo- 

KH «—» 03 HaMaiOT KOMaHAb! HAH AailHblC, KOTOpblC B AailllOM CAN MAC IIC 


npeACTaBAAiOT aaa nac HHTcpcca). O 

TaKOH cnoco6 npeACTaBAenHA mi(|)opMAumi. KoiAacAcua iipeAC TaiiAc- 
iibi aApeca naMATH, a cnpaBa - KOMaiiAbi, iia 3 biBaeTCH napmou naytumu, 
Mbl 6yACM mnpOKO HM IIOAbSOBaTbCA, TAR mto peKOMClIAyCM OTIICCTIICb 

K HeMy BHHMaTeAbHO. 

Ecah 6bi rio aApecy 2000 ctoaas ue KOMaiwa BR 2500, a kakaa-to ap.v- 
raA KOManAa, to ona 6buia 6i>i HcnoAnena, n hoboc 3HaMcmte PC cthao 
6w pamibiM 2001. t. e. a/ipecy aitviyiomeii no uopwiicy KOMaiwbi Mo no 
ayipccy 2000 co/iepauiTCH WMeimo KOMaiwa Oeaycjiounoro ncpcxo;ia, ko- 
xopaa npe/uniCbiBacT Hantenmi, coaepacHMoe PC, noc ic •iero I I C] 2.>00. 
YcTponcTBO ynpaisjienna nponcccopa cmuti.iiwct miicjio 2500 n ncpwwtr 

ynpaBAeiuie no 3TOMy aApecy. 
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Tenepb HecKOAbKO cjiob o cnoco6ax aApecaunn. Cnocou adpecai^uu - 
3TO yKa3a»He na to, KaK onpeAe;niTb aApec hhchkh naMHTH. B nauicM 
nepBOM npHMepe Mbi ncnojib30BajiH nenocpedcmeemtyio adpecau,uio , npu 
KOTopoft aApec HMCHKH naMHTH 6bui yi<a3an B BMAC HHCJia ncnocpeACTBen- 
H0 B KOMaHAe. Ho oto He eAHHCTBennbiH cnoco6. KaK npaBiuio, b accew6- 
Jiepax peajiH3yeTC« MHoacecTBO cnoco6oB aapecaiuiH (iianpHMep, mi- 
Ae Kenan hjih aApecauHa c ncnojib30BanneM 6a3bi), no na.M iionaAooiiTca 
eme TOJibKO oahh cnoco6 aApecaiWH - KocBemibin. Kocoennasi adpecai^u ji 
no3BO/iaeT o6pamaTbCH k HMeiiKe naMHTH nyTeM yi<a3aiiiiH a/ipeca 3toh 
hhchkh b Apyrott HHeiiKe. 3to 3By i niT HecKOJibKO TyManno, no npocTon 
npHMep npOAeMOHCTpupyeT, mto sto raicoe. FlycTb nnefiKa naMHTH c a/ipe- 
com 2500 xpanHT (coAep>KHT) hhcjio 6000, t. e. (2500]=6000. Ecjih mm na- 
nniueM BR 2500, to, KaK mm yx<e BiiAe/iH, ynpaBJienne 6yAex nepeAano no 
aApecy 2500 (oto, KaK mm yxce3iiaeM, iienocpeACTBennan aApecamin). I Io 
ecjin mm nannuieM nyTb Hiiane: BR @2500, to ycTpoiiciBo ynpaBJiemiH 
cnanajia o6paTHTCH k nneHKe naMHTH c aApecoM 2500, npoH rer coAepaui- 
Moe 3T0ii hhchkh (t. e. hhcao 6000) h, iiaKOiieu, nepCAacr ynpaBJienne no 
aApecy 6000. 3to iianoMimaeT nepeAany KonBepra b ApyroM KoiiBepre. 
noAynaTejib BHeiimero KOimepTa BCKpbiBaeT ero, naxoAnr Biiyrpn Apy- 
roii KOHBepT c aApecoM h nepeAaeT 3 tot KoimepT no yi<a3annoMy na new 
aApecy: 

AApec KoMaHAa 

• • • 

2000 BR @2500 

2001 
2002 
• • • 

2500 6000 

O 

6000 ; cwAa 6yAeT nepeAano ynpaB/ieHne no KOMaHAe BR @2500 


noiianajiy KOCBennan aApecauHH mo>kct noKa3aTbcn cjiohciioii ii ne- 
CKOJibKO liaAyMaunoii KoncxpyKmieii, no oneiib ci<opo Mbi y6efliiMca, 
4TO 3TO lie Tai<; KOCBeunasi a;ipecamm cymecxueuuo yiiejmMiiiiaer ru6- 
KOCTb 11 «ociio6o>K^aeT» nporpaMMbi ot iieo6xoAHM0cxn aimoro yicaaa- 
uiiH aapecoB. HanpiiMep, nxo6bi b nocJie/meM npHMepe naMeniixb aiipec 

nepeaam, ynpaBncnn, c aapeca 6000 na aapec 12800, ^ 

MeHHTb 12500] (coaepsKHMOeHHettKH naMHTH c aApecoM 2j00) c 60C . 

12 800 npu 3XOM caMa KOMaHfla BR @2500 ocxauexoi 6cm ujmchciuiu 
Bccopc Mbi yBHAHM MiioronHcneHiibie npiiwepb. iiciKWiwouaiu.H koc- 
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BeiiHoii aApecamiH h cMo>KeM oneuiiTb npeA0CTaB;meMbie KocBcimoii 
aApecamieii bo3mo>khocth. 

HaKOiieu, iiOAroTOBHTejibiibie o6bncneinni mo>kuo cMinaib 3aBepinen- 
ubiMH, h Mbi MOHceM nepeiiTH k noanporpaMMaM. 

Bue 3aBHCHM0CTH OT ncno;ib3yeMoro >i3bii<a nporpaMMupoBamm, 13 oc- 

HOBe Mexaiui3Ma ynpaBJieiuiH no/uiporpaMMaMii jie>KMT o/ina 11 ra >Ke cxe- 
Ma H3 j\uyx maroB: 

O mar 1 - nepeziana ynpaBJiemm na naMajio 110 /mporpaMMbi; 

O mar 2 - Kor,aa no/inporpaMMa 3aBepmnT cboio pa6ory, bo3o6iiob- 
JineTca pa6oTa toh Mac™ nporpaMMbi, oncy/ia 6biJia Bbi3Bana noA- 
nporpaMMa. 

flpyrnMH cjioBaMH, no/uiporpaMMbi ne bbjibiotch caMocToaTejibiibiMii 
nporpaMMHbiMH eAHHHuaMH; ohh kcm-to Bbi3biBaiorcn (sth «kto-to» 
MoryT 6biTb ochobhoh nporpaMMoii, ApyriiMH noAnporpaMMaMH 11 ziaxce 
toh ace caMOH no^nporpaMMOH). 3aTe\i no/mporpaMMa namiuaer Bbinovi- 
iiaTbca. HaKOiieu, Kor/ia pa6oia no/uiporpaMMbi 3aBcpmaeTca, ona aojdk- 
11 a BepuyTb ynpaBJiemie Ty^a, OTKy/ia ona 6buia Bbi3Bana. Ec/m bo bpcmji 
MT einia KHHru Mbi cjimuihm Tejie(l)omibiii 3bohok, Mbi 3anoMHiiaeM c no- 
Niombio 3aKJiaAKii mccto, r^e iiac npepBajm, 11 OTBenaeM 11 a 3boiiok (3bo- 
uok - 3to Bbi30B noAnporpaMMbi, a oTBeT - Hcnojiiiciiiic noAnporpaMMbi). 
no OKOHManHH pa3roBopa mm B03BpamacMC>i (B03Bpai yiipaBJiemm) 
k lanire h npo/jojiacaeM 4HTaTb c Toro MecTa, 11 a KoropoM iiac npepBajm. 


OaicmuHecKu co6btmust maKoio poda naobmaiomcsi npepbtoanustMU, 
a nodnpoipciMMbt, Komopue dojtotcnbi 6bimb obinojuteiibi 0 mcucux cjtyna- 
fix, - o6pa6omHUKQMu npepbtoanuu. B o6bi>uibLX M 3 biKax ripozpciMMupooa - 
uusi npoipaMMucm uadejtcno «otpaJicden» orn neo6xoduMocmu o6pa6omm 
npepbtoanuu; npepbioanun - amo « 3 a 6 orna» onepayuonnou cucmeMbi. Hpe- 
pbioanux - 3mo cjtojtcnasi u denuKamnast meMa, nocKO/ibKij uMewio nepe 3 
npepbieanuR peajiu3ooattbt maKue (pynKU,uu, k£/< obiood na 3 Kpan, pa60ma 
c ducKQMU u cembio,pa6oma KJiaouamypbt u Mbiuiu a in. a. Kqk npaoujto, 00 - 
pa6omuuKU npepbtoanuu pa3pa6ambioaionicsi na acceM6.1 epa.\ 0btcot<oi<oa- 
3U(puu,upoeannbiMU npozpaMMUcmaMu. Ho Konyenmyajiono oopaoonntuKu 
npepbtoanuu — smo me Jtce caMbte nodnpotpaMJtbi. 


CaMbiit upocTOii cnoco6 ncpeAan> yiipanjicnne no/mpoi paMMe - m>\- 
nojunivb 6 e 3 ycJiOBiibiH nepexo j\ no ayipecy ee nanajia. Haiun ncpm.ic npn- 
Mcpi>i iiMcnno3 to cpaKTimecKHHfleaaJiH(nepBbiii - c iienocpe/iCTuciinoii, 
BTODoft - c KOCBC.mon aApccamiefl). Tawiw o6pa30M. nepobiH mar cxcmm 
MCxamwMa nonnporpaMX. oxasa^ocb BHnoniiHTb Mccj.oacuo. A ksk 6mt.. 
CO BTopoft nacTbio cxeMM - B 03 iipaT 0 M H3 noAiiporpaMMbi. 
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rioKa, k coHcajiemuo, inncaK: BepuyTbcn na npexcnee mccto u upoao.i- 
HCHTb BbinojiHeiiHe c KOMaHAbi no aApecy 2001 hcbo 3 mo>kiio, t. k. noAnpo- 
rpaMMa lie «3naeT», oxicyAa oua 6buia Bbi3Bana, n, CAeAOBaxeAbno, a/jpec 
2001 eii neH3BecTen. PI bot 3to - nacxoflmafl npo6;ieMa. 

HiaK, 6jui>KaHmaA 3aAana nonnxna - oOecnenuTb B03BpaT H3 iioa- 
uporpaMMbi, mto 3KBiiBajieiiTiio 3anoMHiiaiiHio aApeca, na Koxopbiii ny>K- 
no nepe^aTb ynpaBAenne no OKOHnannn padoxbi noAnporpaMMbi. 3xox 
aApec nacTOAbKO Baxcen, hto HMeex coOcxBeuuoe mm - adpec G036pama 

(return address). 

KaK noAnporpaMMa Moxcex «y3iiaxb» axox aApec? IlepBoe pemenue, 
KOTOpoe npnxoAHT na y\i, - 3anoMnnxb aApec B03Bpaia jiii6o b oxAejib- 
hom perncTpe npoueccopa (o6bimio on na3biBaexoi peiucmpoM cen3u ), 
au6o b Kai<0H-T0 nnenKe naMHTii. npHimnniiajibiibix otjiiihhh b axiix 
cnoco6ax neT, no, icaic npaBiuio, BbiAejiaxb oxAejibiibrii penicrp aim xpa- 
Henun aApeca B03BpaTa cjihwkom pacxoMnxejibiio, t. k. kojiiimccxbo pe- 
rncTpoB npoueccopa orpainiMeno n «pacxoAOBaxb» nx nyxaio okoiiomiio. 
IIocKOJibKy KOJinuecxBO nneeK naMuxn na Miioro nopxAKOB npeBbimaex 
KOJiimecxBO perncxpoB, xo Mbi ocxanoBiiMca ua >iMen ice naMHXH. J\jm .rro- 
ro naM nyxcno BbiAejnixb onpeAeJiennyio auenKy naMuxii &jm xpaiieiiwi 
b Hen aApeca B03Bpaxa. 3xo Moxcex 6 bixb noMxn ;no6aa BMCiiKa naMuxu; 
rjiaBnoe xpedoBainie k new npocxoe - cjicuyex B03Aep>Kaxi»ca iicnojib3o- 
BaTb 3xy anenKy Rjm Jiio6bix Apyrnx ue/ien, 3a ncKJiiOMeiiucM xpaiienua 
aApeca B03Bpaxa M3 noAnporpaMM. Flycxb axh oiipeAe;iennocni 3xo oyAex 

HHeiiKa c aApecoM 1000. 

Ham npHMep xenepb moxciio nepenncaxb xaic 


AApec 

KoMaHAa 


• • • 

1000 

; MecTO f\r\r\ xpaHeHMfl aApeca 

B03BpaTa 

• • • 

2000 

2001 

2002 

; BbiaoB noAnporpaMMbi 

BR 2500 

O 

• • • 

2S00 

; Hasa/io noAnporpaMMbi 


• • • 

2615 

; B 03 BpaT M 3 noAnporpaMMbi 

BR @1000 



• • • 


Pa 36 epcMOi, mto Tyr npoiicxoAMT. 
BbiACJini b H4ctti<y naMHTu c aApecoM 


npc>KAe Bcero Mbi Aorouopu^mcb 
1000 jvm xpaneuna aApeca uoriBpa- 
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Ta. Flo aApecy 2000 naxoAHTcn 6e3yc;iomn,iii nepexo a k iianajiy noAiipo- 
rpaMMbi (no aApecy 2500). npoK^e new stot nepexoA 6yact ocymecTBJieu 
(t. e. ao Toro, icaK [PC] CTaiieT paBiibiM 2500) 11 noAnporpaMMa Manner 
BbinoAHATbca, nyxeno KaKiiM-To o6pa30M 3anoMiniTb aApec oo3Bpara, t. e. 
aApec 2001, b AHeHice c aApecoM 1000. JJonycTiiM, mto mu oto yweeM ac- 
AaTb (Kai< h Men no - cennac ne Baxciio, no Mbi 3anoMnnacM mhcao 2001 
b HHenKe c aApecoM 1000, t. e. [ 1000]=2001). Tenepb nepexoAHM k iioa- 
nporpaMMe ( 011 a pacnoAaraeTcn b Anana3one aApecoB c 2500 no 2615). 
AApec nanaAa noAnporpaMMbi (2500) na3biBaeTcn moHKou o.xoda b noA- 
nporpaMMy; aApec oicoiiHaiinH noAnporpaMMbi (2615) - momcou G03opa- 
ma , hah mouKou obocoda H3 noAnporpaMMbi. 

A Tenepb - MaAenbicHii (])OKyc! B to Mice BbixoAa 113 noAnporpaMMbi Mbi 
bhahm KOManAy BR @1000. 3to 6e3ycAOBiibin nepexoA no icocBennoMy 
aApecy (bot HaM h npnroAHAacb icocBennaM aApecanua), t. e. no aApecy, 
KOTopbin xpariHTCA b AMenice naMATii c aApecoM 1000. A mto Ta\i xpaniiT- 
ca? Hy, KOiieMiio, 2001. Taic Mbi B03BpamacMca ic ocnoBiioii nporpa.MMC. 

HyTb Bbiine Mbi roBOpHAii o tom, mto nepeA nepcAaMcii ynpaBAeniiM iioa- 
nporpaMMe Mbi icaiciiM-TO o6pa30M yMeeM coxpanATb aApec B03Bpara b cne- 
unaAbiio BbiAeAeimoH AMeiiKe naMATii (b iiameM npiiMepe b AMdiice c aApe- 
com 1000). 3tot MOMeiiTTpe6yeT BiniMainiA, t. k. ot 3toto 3aBiiciiT, cmo>kct 
ah noAnporpaMMa BepuyTb ynpaBAeime no OKOiiMainni CBoeii paGoTbi. 


Oaho H3 pemeiiHH coctoht b CAeAyiomeM: aApec B03Bpara moaciio 3a- 
noMHHTb nenocpeACTBemio nepeA Bbi30BOM noAnporpaMMbi. Mbi 3naeM, 
mto KOMaiiAa Bbi30Ba noAnporpaMMbi pacnoAaraeTCA no aApecy 2000, 
CAeAOBareAbiio, iiaM H3BecTen h aApec B03BpaTa H3 noAnporpaMMbi (t. e. 
aApec 2000+1=2001). lIoaTOMy Mbi moaccm coxpannTb aApec B03Bpaxa 
b AMeiiice naMATii c aApecoM 1000, a 3areM ncpeAaTb ynpaBAeime noAiipo- 
rpaMMC. 3to 03 iiaMaeT, mto nepeA bi>i3obom noAnporpaMMbi neoGxoAiiMO, 


MroGbi [1000)=2001. JlJifi 3Toro b CHCTeMax KOMaiiA npaicTHMecKii Bcex 
upoueccopOB uNieeTCA KOMaiiAa nepecbiAKH MOV (01 move), c rioMouibio 
KOTOpoil MOACUO oGllOBIlTb COAepACHMOC 3aA^IIOH AMCHKII naMATii. 3 (0 
BnoAiie pa6oTOcnoco6noe peineime, no no ripnMiinaM, icoxopbie cranvi 

IIOHATIIblMH MyTb HIOKe, Mbi MM lie BOCIIOAb3yCMCA. 

Apyroe peineime coctoht b CAeAyiomeM. Bbcacm b namy cncrcMy 
KOMaiiA noByio KOManAy H naaoBCM ec JSR (ot Jump to SubRoutinc). 
3ro (baKTHHeCKH tot ace caMbiii 6e3ycjlOBHb.i1 nepexoA BR, ho toa.,ko 
c OAHHM oTAHMHeM: nepeA tcm KaK ocymecTBAATb nepewany ynpaiweiiii« 
noAuporpaMMC, KOMaiiAa JSR sanoMiuiaer aapec Boaiipaxa 110 
oupeAe .em.oMV aApecy (b iiameM npiiMepe no aApecy 1000) lira., nan 

upiiMep 6yACT Tenepb BbirAAACTb Tan: 
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AApec KoMaHAa 

1000 ; Medo aar xpaHeHMfl aApeca B03BpaTa 

% I I 

; 3anoMMHaHMe aApeca 8038paTa n Bbi3os noAnporpaMMbi 

2000 3SR 2500 

2001 
2002 
III 

2500 ; Hasa/io noAnporpaMMbi 

• • « 

; B03BpaT M3 noAnporpaMMbi 
2615 BR @1000 


KoMaHAa JSR 2500 CHana/ia 3anoMiniaeT a/ipec B03Bpara b AMciiKe 
c a^pecoM 1000, a iiotom nepe^aeT ynpaBJiemie no yKaaaiiiioMy b nefi 
aApecy. CaM aApec B03BpaTa (t. e. 2001) H3BecTen - aro, i<ai< h paiibine, 
aApec, iienocpeACTBeiino cjieAyiomiiH 3a aApecoiu, no KOTopoMy pacnojia- 

raeTCH KOMan^a JSR. 

Hto ace, 3aAana pemeiia? B KaKOH-TO Mepe, Aa - pemeiia. Ho oro pe- 
meiine Bee >Ke nAOxoe. HeAOCTaTOK 3Toro pemeinia Kpoerca b criocooc 
xpaiiemm aApeca B03BpaTa. PaccMorpiiM neOojibiiioii npwviep, Koropbiw 
(JpaKTHMecKH npHBOAHT k hcoOxoahmocth orOpociiTb 3tot mctoa peme- 
iimh Kai< coBepuiemio iienpuroAUbm: 

AApec KoMaHAa 

• • # 

1000 ; MecTO aa« xpaHeHMfl aApeca 803BpaTa 

• # ♦ 

; 3anoMMH3Hne aApeca 803Bpaia m Bbisos nepBOM noAnporpaMMbi 

2000 DSR 2500 

2001 
2002 

O 

2500 ; Hasa/io nepBOM noAnporpaMMbi 

2501 

; aanoMMHaHMe aApeca soaspaia m Bbiaoe bto P om noAnporpaMMbi 

2600 3SR 4500 

2601 

; B038p3T M3 nepsofi noAnporpaMMbi 

BR @1000 


2615 
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4500 ; Hana/io 8TopoM noAnporpaMMbi 

4501 


; B03BpaT M3 BTOpOM noAnporpaMMbi 
4580 BR @1000 


IlocMOTpHM, hto TyT nponcxoAirr. Hanajio i-iaw y>ice 3iiai<OMO - aano- 
MHuaeM aApec B03BpaTa ([1000]=2001) 11 nepexoAHM k noAnporpaMMe no 
aApecy 2500. Ho Biiyipn stoh noAnporpaMMbi (Tonnee, no a/ipecy 2600) 
nponcxoAHT Bbi30B Apyron noAnporpaMMbi. HcnoAiienne reKymen (nep- 
boh) noAnporpaMMbi BpeMenno npnocTanaBAHBaeTCA. KaicoBbi nauin 
AaAbiieMiiiHe achctbha? 3anoMiinaeM aApec B03BpaTa ((1000]=2601) 
h nepexoAHM k noAnporpaMMe no aApccy 4500. KorAa 3Ta (BTopan) iioa- 
nporpaMMa aoxoaht ao tomkh B03BpaTa no aApecy 4580, Bbino;inneTca 
B03BpaT b nepByio noAnporpaMMy, n ee ncnoAiienne B03o6noBJincTcn 
c aApeca 2601. Haiconeu, nepBan noAnporpaMMa aoxoaht ao tomkii B 03 - 
BpaTa no aApecy 2615, ona AOJixuia BepuyTb ynpaBAeniic. Bot tojibko 
KyAa? JIonmecKii paccy>KAaA, no aApecy 2001, a npaKTimecKH? CoAcp- 
>KiiMoe AMenKH naMHTii c aApecoM 1000 6biao H3Meneno b tot momciit, 


KOi'Aa Mbi Bbi3biBaAii BTOpyio noAnporpaMMy, 11 nyaaibiii naM Tencpb 
aApec B03BpaTa (2001) nonpocry nc i ie3. Ero ner, n noaTOMy KOMaiiAa BR 
@1000 BepneT ynpaBAenne no aApecy ... 2601, t. e. BiiyTpb caMon ce6>i. 
A 3 TO coBceM lie to, hto o>KHAajiocb: nepBan noAnporpaMMa nonpocry 
BoiiAeT b OecKonemibin uhkji, ncnojinan KO\iaiiAbi no aApecaM c 2601 no 


2615. Mbi iiHKorAa ne BepiieMcn k Bbinojinennio ociiobhoh nporpaMMbi 
110 aApecy 2001, t. k. 3 TOT aApec 6 biA <J>aKTHMecKii yinriroweii Bbi 30 B 0 M 

BTopoil noAnporpaMMbi. 

Mbi o 6 pamaeM oco 6 oe BiiHMaiine na 3 tot nprmep 11 npeyraaracM biiii- 
MaTCJibiio c hum pa 3 o 6 paTbc>i: on BecbMa rioynuTCAen n AeMoncTpnpyeT, 
KaK JierKO 11 npocro iiapyuniTb pa 6 ory nporpaMMbi. BecKoneMiibie miKAbi 
BecbMa KOBapHbi, t. K. ahjicko ue BcerAa ObiBaeT onemiAiio, m io HMeuno 

npunejio k 3 amiKJUiBaiiiiio nporpaMMbi. 

HraK. peiuemiec BbiAeJiennoii amchkoh naMjmi ju 01 xpaneiuia aApeca 
B03upara pa6oTaeT, 110 inuiaraeT 11 a Bbi30Bbi noAnporpaMM c rporoc (mojk- 
ho cKaaaib, <J>yiiAaMeHTaAbHoe) orpammciiHe: nejibsn Bbi 3 bioaib Apynie 
HOMporpaMMb, ao Tex nop, no,<a ne aaocpcn noaiipaT ..3 tckviuc.. (ak- 
mBiioii) noAnporpaMMbi, Ka*Abitt BbisoB noAnporpaMMbi aarnpacT npe- 
AbiAyuiuii aApec B03Upa T a. 3 to cahuikom >kcctkoc orpam.wc.mc... Mb, „c 
MOHCCM ero llplIHflTb. HaAO HCKaTb HTO-TO Apyroc... 
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3aAaHlA npt/1BQA91LLlMe K CT0KV 


A mo, ecjin Mb! 6yAeM xpaimTb aApec B03Bpaxa nc b Bbi/iejieiuioii mmcmi- 

Ke naMHTH, FAC OH 6yAGT 3 aXIipaXbCH HOBbIMH 3 IiaHeiIHHMlI BCflKmi pa 3 , 

Kor^a npOHCXOAHT Bbi 30 B noAnporpaMMbi, a b cbmoh 110 /niporpaMMe? 
3 to, na nepBbiH B 3 rjum, a 6 cypAnoe peiuemie, no ne 6 yacm xoponnrbcn. 

npe>KAe Bcero HaM Moacex OKa3arbcn nojie3iion KOMaiwa NOP (no 
operation), ocuoBiioe Ha3iiaMeHHe Koxopon - inmero ne Aejiaxb. 3xa Ko¬ 
MaHAa KaK 6bi «roBopnx» npoueccopy - «3Aecb moxcho oxAoxnyxb». TIo- 
CMOxpHTe Ha CAeAyiomnw npHMep: 

AApec KoMaHAa 

# I • 

; Bbi30B noAnporpaMMbi 

2000 3SR 2500 

2001 
2002 
4 # • 

; 3Aecb 6yAeT 3anoMMHaTbCfi aApec B038paTa 

2500 NOP 

4 • # 

; B03BpaT M3 noAnporpaMMbi 
2615 BR @2500 


3xo BbirjiRAnx neMiio>KKO cxpamio, iio AaBaii re cnanajia pa36epeMcn. 
KoMaHAa JSR 2500 no aApecy 2000 nepeAaex ynpaBjieniie no aapecy 
nanajia noAnporpaMMbi. IloAnporpaMMa liaMiinaexca c KOMaiiAbi NOP. 
BMecxo xoro MXo6bi 3anoMHHaxb aApec B03Bpaxa b BbiAC/iennon nneii- 
Ke naMHXH (nanpriMep, b nnenKe naMHxn c aApecoM 1000, i<aic oto 6bi;io 
paiibme), KOManAa JSR 3anncbiBaex aApec B03Bpara bmccto KOMaiiAbi 
NOP HenocpeACXBeimo nocjie Bbi30Ba noAnporpaMMbi (no ao roro, i<ai< 
6yAex BunojineH B03Bpax H3 nee) icapxa naMnxn 6yAer BbiniflACTb raic 

AApec KoMaHAa 

• 4 4 

; Bbi3oe noAnporpaMMbi 

2000 3SR 2500 

O 

2001 
2002 

• • 4 

; 3Aecb HaxoAMTCfl aApec B03Bpaia 

2500 2001 

• 4 • 

; B03Bp3T M3 noAnporpaMMbi 

2615 BR @2500 
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noariporpaMMa HaHHHaeT nciioAiuiTboi c a/ipcca, c-icAyioineio 3a 
aapecOM KOMaiiAbi NOP, t. e. c a^peca 2501. Kor/ia ynpamieime no,iymir 
KOMaHAa no aApecy 2615, to aApec B03Bpara 6yAeT ii3B;ieMen 113 mmciiku 
naMHTH c aApecoM 2500 (t. e. 6yACT ii3BAe i ieno 3iiaMeniie 2001). n KOMan- 
Aa BR @2500 BepneT ynpaBJieime ociiobiioh nporpaMMe. Ha3iiaMeime 
KOManAbi NOP coctoht b tom, 4to6w 3ape3epBiipoBaTb mgcto aa>i aApe- 
ca B03BpaTa; b npHnunne, mo>kho 3amicbiBaTb b 3Ty jnieiiKy coBcpmcii- 
no npoH3BOJibiioe 3HaHeiine (BGAb 0110 Bee paBiio 6yAcr nepe3anncano 
aApecoM B03BpaTa), 110 BapnaiiT c NOP Bbir;niAHT aiocypaTiiee. Cmlicji 
NOP TOJibKO b tom, 4To6bi 3ape3epBnpoBaTb mgcto j \ j\h xpaiieima a/ipcca 
B03BpaTa h HHHero 6o;iee. BbirjiaAiir xiiTpo, no 6 yAeT jih 3to pa6oTaTb 
b cjiynae Bbi 3 OBa oaiioh noAnporpaMMbi H3 Apyron? flpoBepiiM: 


AApec 

KOMaHAa 



• • • 

2000 

2001 

2002 

; bwbob nepBOH noAnporpaMMbi 

DSR 2500 



• • • 

2500 

2501 

; BAecb 3anoMMHaeTcn aApec B03BpaTa 

NOP -> 2001 

nepBOM 

noAnporpaMMbi 

% • • 

2600 

2601 

; Bbi30B BTopoii noAnporpaMMbi 

1SR 4500 



• • • 

2615 

; B03BpaT m 3 nepBOM noAnporpaMMbi 

BR @2500 



• • • 

4500 

4501 

; 3Aecb 3anoMMHaeTCfl aflpec B03Bpaia 
NOP -> 2601 

BTOpOM 

noAnporpaMMbi 

• • • 

4580 

; B03BpaT M3 BTOpoPi noAnporpaMMbi v'y 

BR @4500 




• • 


3Aecb mw juin npocTOTbi OTCJiejKHBaiiHa, oienca n3Meiuuin (|)opMy 

npeflcraBAemiH KOMa.w no aapecaw 2500 h 4500, HroOb, aKueHxnpoBaxb 
imiiMaime na tom, hto ao Bbiaoua noAnporpaMM a axnx aneiiKax uaxo 
u. iacb KOMaHAa NOP, a nocAe Bbiaooa - aflpeca BoaBpaxou. npocACAiiM, 
mto xyx npoHCXOAHT. Ci.anajia BwabiBaexca nepBaa noanporpaMMa (xa. 
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mto pacnojioaceHa no a^pecaM 2500-2615). Aa pec BosBpaTa (2001 ) 3 ano- 
MimacTCB b nepBOH anenKe naMam 3 toh noAnporpaMMbi, t. c. no a/jpecy 
2500. IlepBaa noAiiporpaMMa eme ne 3aBepniHJia cbogh pa6oibi 11 bw- 
3biBaex BTopyio noAnporpaMMy (Ty, mto 3aiiH\iacT aApeca 4500-4580). 
Aiipec B03BpaTa (2601) 3anoMHiiaeToi b nepBon AMenne iiaMa rn BW3Bau- 

hoh noAnporpaMMbi, t. e. no aapecy 4500. Hiaic, HMeeM (2500]=2001 

n [4500]=2601. 

Korfla BTopaa noAnporpaMMa aaBepinaeT cboio pa6oiy (aApec 4580), 
on a B03BpaiuaeT ynpaBaenne no aApecy 2601. IlepBaa noAnporpaMMa 
B03o6noBAaeT cboio pa6oTy. KorAa nepaaa noAiiporpaMMa 3 aBepuiaeT 
cboio pa6oTy (aApec 2615), ona B03BpauiaeT ynpaBAenne no aApecy 2001. 
06e noAnporpaMMbi oTpa6oiaAii, Koppeicmo Bepiiyan yiipaBjieiine, 11 re- 
nepb nporpaMMa npOAOAxcaeT Bbinoaiieniie c aApeca 2001. Kai< roBopaT 
MaTeMaTHKH, «mto n Tpe6oBaaocb AOi<a 3 aTb». 

I4TaK, AaBaiiTe noABeAeM neKOTopbie iiTorn. Hama 3a/ua i ia 6buia Taxon: 
o6ecneMHTb Mexann 3 M B03BpaTa M3 noAnporpaMMbi b nporpaMMy (hah 
b Apyryio noAnporpaMMy), 113 KOTopoii ona 6biaa Bbi3Bana. Mctoa c iic- 
noAb30BaHneM yiniBepcaAbiion BbiAeAemion aaenKii naMani aaa xpane- 
una aApeca B03BpaTa KpawneorpaiiHMHBaex iiaum bo3mo>kiiocth ii AHKryer 
coBepineimo nenpneMAeMyio AHCunnAHiiy: ao Bbi30Ba iioboh noAnporpaM- 
Mbi neo6xoAHMO noAiiocTbio 3aBepmnxb pa6oTy TCKymeii. Meim npn ko- 
TopoM aApec B03BpaTa xpainiTca b caMon noAnporpaMMe, ropa3Ao Jiynuie. 
On no3Bo;iaeT AeaaTb Bbi30Bbi iioAnporpaMM 113 Apyrux noAnporpaMM. 
IlpaBAa, Aaa xpanenna aApeca B03Bpara b noAnporpaMMe iipuxoAHTca pe- 
3epBiipoBaTb AonoAiiHTeAbiiyio aaeiiKy naMaTH, no aro npcAcraBAacrca 
He3naMiiTeAbnoH naaTon 3a ctoai> niHpoKne bo3mo>khocth. 

IlepeA TeM i<ai< npoAOAxaixb paccKa 3 , AaBanxc oepneMOi k nocAc/uicMy 
npHMepy h, ot6pochb b CTopony Bee «Aiinnice», BiniMaxeAbiio npinvm- 
AHMCH k TOMy, MTO MW neJidJiu. n oca e/io Bare a b 11 oc x b ubi30BOB iioAnpo¬ 
rpaMM H B03BpaTOB H3 HHX BblTAAAeAa TaK! 


DSR 2500 
JSR 4500 
BR @4500 
BR @2500 


T. e. Bbi30B nepBOH noAnporpaMMbi, blisob BTopoii noAnporpaMMbi, bob- 
B paT H3 BTopoii noAnporpaMMbi, B03BpaT H3 ncpBoii noAnporpaMMbi. Hn- 
Mero ne nanoMnnaex? Kai< 6 Y ato 61,1 napbi kombiia JSR/BR new cc6>1 

l<ai< BAO>KCIlHbie cko6kh. 


HcV>KeAU 3TO... 
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floAnporpaMMbi: no5iBA9ieTC5i cTei< 


fla-Aa, Mbi ne ouiH6jiHCb - sto hto-to, noxo>Kee na ctck. M oriATb y>KC3iia- 
KOMaa naM nocAeAOBaTeAbiiocTb: to, mto Hanajiocb nepBbiM, 3aKan4iiBaeT- 

CA nOCJieAI-IHM. A pa3 BbI30BbI H B03BpaTbI 113 IlOAIiporpaMM COOTBCTCTBy- 
10T AHCUHnJIHHe LIFO, TO 3T0H >Ke AHCmilUIIIIie AOJDKIIbl nOAMIIIIMTbCfl 


h aApeca B03BpaT0B. CjieAOBaTeAbiio, aah hx 3anoMHiiaiiiiA moxcho boc- 
H0Jlb30BaTbCH CTeKOM. Ha30BeM TaKOM CTeK CmeKOM G03Gpam00. 

OneBHAHO, mto CTeK B03BpaT0B AOJDKen cymecTBOBarb ao Toro, i<ai< 
nporpaMMa 6y^eT 3anymena na ncnojmeiine. Oahu H3 BonpocoB, koto- 
pbivi HyxcHO peuiHTb Ha 3tom 3Tane, - rjiy6ima CTei<a, t. e. kojihmcctbo 
3JieMeHTOB, KOTOpbie CTeK MOXCeT BMeCTHTb. EcJIH Mbi rOBOpiIM 06 o6bIM- 
iibix (He peKypcHBiibix) noAnporpaMMax, to odbiMiio oica3biBaeTCA ao- 
CTaTOMiio CTeKa Ha HecKOAbKO AecATKOB 3AeMeiiTOB (aApecoB). B c;iywae 
peKypcHBiibix noAnporpaMM (peMb o Koropbix iiohact b c;ieAyiomeM pa3- 
jxene) } oco6eimo npeAHa3na4eiiHbix jiJin o6pa6oTi<n caoxchmx CTpyKTyp 
Aaiiiibix (nanpi-iMep, AepeBbeB), iyiy6ima CTei<a mo>kct cocraBJiai b coti no, 
TbiCAny h 6 oAee ajieweHTOB. Pe3epBnpoBaxb CTei< raicoro o6i>eMa - kbk 
npaBHAO, neno3BOAHTeAbiiaA pocKomb: Bnojme MoxceT cjiyMiriboi, mto 
(J>aKTH4ecKH 6yAeT Hcnojib30Bana Jinuib iie3Ha4HTejibiia4 4acTb orneAcii- 
lioro noA CTeK aApecnoro npocTpaiiCTBa. OobiMiio b stom c;iywae ncnojib- 
3yeTC4 TaKOH cnoco6 peaJiH3auHH CTei<a, npn kotopom riaMaxb j\m\ nero 

BblACAACTCA AHHaMH4eCKH, T. e. TIO MepC IiaAo6lIOCTI I. B 3TOM p33AeAe Mbi 

lie 6yAeM KacaTbca peajM3auHH ctckob (noApo6nee 06 3tom cm. b oahom 
113 npiiAO>KeuHH), no 3TOT Bonpoc o6a3aTe;ibiio Ao;i>Ken 6birb peuien. 


rioica ace Mbi 6yAeM npocTO c4HTaTb, mto tskoh ctck ecTb. 

C^eAyiomHH Bonpoc oTiiocirrcn y>Ke k MexaiiH3My peajiii3amm iioa- 
uporpaMM: Kaic o6ecneMiiTb 3anecenne b ctck aApeca B03BpaTOB ripn bbi- 
30 bc noAnporpaMM h, o6paTiio, Kaic odecneMHTb Bbi6opi<y 113 cxeica coxpa- 
Heuiibix u HeM aApecoB B03BpaT0B no OKOiiMannn padoTbi noAnporpaMM? 

ricpBan npo6;ieMa peinaeTca nyTeM ne6o;ibiuoro H3MenenHa ceMaimi- 

KU T e noBeAeHHH, KOMaHAM JSR (nepexoA K noAnporpaMMe). B npeAbi- 
AyiueM pa 3 Ae;ie KOMaiiAa JSR coxpaiifuia aAP^ Boanpaxa b BbiAeyiennon 
HMeiiKe Tejia noAnporpaMMbi (a HMenno - b caMoft nepBoii). Tenepb >kc 
axa KOMaiiAa 6yAeT npoTaJiKHBaTb aApec B03Bpara b ctck BoauparoB. Bto- 
paa npoGjieMa MyTOMKy cAOaaiee. Bciiomiiiitc, mto b npeAbiAymcM c.iy- 
M ac no3 b pa 1 na noAnporpaMMbi q6ecneHHBaJicH KOMaiiAon BR ^adchcss. 
tac address 11 ecTb panee coxpaiiennbin aApec B03Bpa ra. Tenepb >kc a;ipcc 
B03Bpara nyxoto Bbl6pan> .13 CTCKa (earn 6„.rb tomubim - na na 

KOTopyio yKaabiuacr cro oepiinma). Ho aro ue nee. nooie noanpaia ..3 
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33A8HH, npi/lBOA 91 LLll /10 K CTe«y 



nozuiporpaMMbi cocTonune cici<a aojdkiio 6biTb CKoppeicrnpoBano; mw 
y>Ke ucnojib30BajiH TeKymHH aapec B03BpaTa (na Bepwiine cTexa), n on 
naM 6o;ibiue ue HyxceH. 3naHHT, iiy>Kiio o6ecnennTb, mto 6 w na Bcpuntne 
CTCKa xenepb 6bui aapec B03Bpaia noAnporpaMMbi, Bbi3Baunoii paiibuie 
TCKymeii. Milane roBopn, ctck AOJiacen 6biTb yMeiibiueii na oahii ojicmcht, 
h BepuiHHa CTeKa AOJDxna yxaabiBaTb na hobwh a/ipcc B03Bpara. KoMan- 
A a BR caMa no ce6e 3 toto ACJiaxb ue mo>xct. Moxcho 6 wjio 6bi, koiicmiio, 
KaK n b cjiynae xoManAbi JSR, ii3Meinixb ec ceMaiiTuxy Tax, 4 to 6 m npn 
B03BpaTe h 3 noAnporpaMMbi ozuiOBpeMeimo xoppexTnpoBajicn n ctck, iio 
3 to njioxoe peinenne, n bot noneMy. KoMaima BR, xax npaBiuio, ncriojib- 
3yeTcn ue rjih. B03BpaTa H3 noAnporpaMM, a nufi opraiiii3auHii o6bimibix 
6e3ycjiOBiibix nepexoAOB (anajior goto, o neivi Mbi roBopmin panec). 3ro 
ee ocuoBHoe npeAiiaananeime. Ecjih KOMan/ia BR npn jiio 6 om cbocm iic- 
nojib30BaiiHii 6yAeT o6noBJinTb cocTonime CTexa, to iih k ne\iy xopoweMy 
3T0 ue npwBeAeT. Mnane roBopn, KOMaima BR ziejiacT cjihiiikom miioxo. 
HTo6bi nonpaBHTb cuTyanmo n y6epenbca ot liexoiiTpojnipyeMbix ii3mc- 
hchhh CTeKa, b CHCTeMy KOMaiiA o6bimio BBo/niTca ox^ejibiiaii xoMaiiAa, 
npeAHa3iiaMeniiaH HCiononuTejibiio jum o6ecneMeim>i B03BpaT0B 113 iioa- 
nporpaMM. Bbcacm Taxyio KOMaimy h mw. Ha30BCM axy xoMaimy RET 
(return). ZlencTBue 3Ton xoManAbi 3axjno4aexai b cjie/iyioiueM: uponecTb 
aApec B03BpaTa na Bepuinne cTexa B03BpaxoB, BbiTOJixuyTb 3 tot a/ipec 
B03BpaTa H3 CTexa (nocjie nero Bepinnna crexa 6yixer yxa3biBarb na a;ipec 
B03BpaTa noAnporpaMMbi, Bbi3Bannon paiibiue) h nepe/uiTb yiipaBJiemie 
no y>xe M3BecTH0My a^pecy B03BpaTa. PaccMOTpiiM npiiMep: 


A^pec 

KoMaHAa 


CTeK 

% • • 

2000 

2001 

2002 

; BW30B noAnporpawMbi 

JSR 2500 



• 2001 

• • • 

2500 

; Hana/io noAnporpaMMbi 


|- 2001 

• • • 

2615 

; B03BpaT M3 noAnporpaMMbi 

RET 

O 




♦ # 


/I. 0 I 1 VCTI 1 M, 4TO nepeA bbisobom noAnporpaMMbi ctck 6 i,ui nycr (sto 
coBCpiuetiuo ue o6«3a reJibiioe ycaioBiie, no ia,< npome 0TCj.e*M»aTi, ero 
cocTOHHMe). npn BU30B6 iio aapecy 2000 nofliiporpaMMbi npoiK\o im 
CJie/iyioinee: 1) aapec uoaupara (2001) ripoTaAK.inaeTC* .. ctck, .,2) ocy- 













mecTBJiHeTca nepeAana ynpaBJienun iia aapec iiauajia noAnporpaMMbi 
(2500). IloAnporpaMMa riaHHHaeT BbinojinaTbca, n, naKOiieu, ynpaBJiemie 
nojiyaacT KOMaH/ja RET. ripn stom 1) aApec B03BpaTa, iiaxo/unmiiica ua 
BepuiHHe CTeica B03BpaT0B (2001), 3anoMHHaeTcn, 2) stot a/ipec B03Bpara 
BbnajiKHBaeTca H3 CTei<a, h 3) ocymecTBJinexcfl nepe/iaMa yiipaBJicnna ua 
aApec B03Bpaia (t. e. ua aApec 2001). Caxia nepe/jana ynpaBJieiniH, na- 
noMHHaeM, cboahtch k H3MeneHHio coAepauiMoro PC. Ctck B 03 BpaTOB 
B03BpamaeTca b to >Ke caivioe cocToamie, b kotopom oii 6biji ao Bbi30Ba 
noAnporpaMMbi. 

Taic, noKa Bee hact nenjioxo. A mto c Bao>KeiiiibiMH Bbi30BaMii iio/uipo- 

rpaMM? 

AApec KoMaHAa 

• » • 

2000 DSR 2500 

2001 
2002 
• • # 

; Hasa/io nep80M noAnporpaMMbi 

2500 --- [ 2001 

• • • 

2600 DSR 4500 [ 2001 2601 

2601 
# • • 

2615 RET 

• • • 

; Hana/io BTopoti noAnporpaMMbi 

4500 — I- 2001 2601 

• • • 

4580 RET 


CTex 

■ 

■ 2001 


IIpoanaJiH3upy eM , hto TyT nponcxoAHT, no nopnAKy: 

O Bbi30B (iio aApecy 2000) nepBOH noAnporpaMMbi; aApec B03upaxa 

(2001) iipoTajiKHBaeTca b ctck; 

O nepBan noAnporpaMMa nanwnaer ncn^inaTbca; 

O Bbi.ioB (no aApecy 2600) BTopoii noAnporpaMMbi; aapcc Doanpara 


O 

O 

o 


601) nporajiKiiBaeTcn b ctck; 

opan noAnporpaMMa namniaeT iicnoJiHATbcn; 

ipau.ieHHe noJiynaeT KOMaiiAa RET (no aApecy 4580); 

pec B 03 Bpaia c Bcpmnubi CTCKa ( 2601 ) .janoMiniacroi n aau'M 

.lTajiKiiBacTOi ii3 cteKa; 
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O ncpcAasa yupaaieimH naajipcc 2601; pa6oTa oiopoii no oij>orp.»M 

Mbi nojmocTbio 3aBepmciia; 

O BO3o6u0BJienHc (c aApcca 2601) pa6oTbi nepBoii noanpoi paMMu. 

O yupanAciute iio.’iyMaeT KOMaiua RET (no aApecy 2615); 

O aapec B03opaia c Bcpmmibi CTCKa (2001) 3anoMimacTCH n mum 

BblTaJlKllBaeTCH H3 CTeKa; 

O nepeaaHaynpaaneima naazipcc 2001, pa6ora nepuon noAiiporpa.M- 

Mbi no^nocTbio 3aBepiuena; 

O ctck B03BpamaeTCfl b hcxoamoc coctohiimc (ao ima/ia BbiaoBa nep- 

boh noAnporpaMMbi); 

O bo3o6hobahctch pa6oTa ochobhoh nporpa.MMbi. 

Hraic, ctck BecbMa JiorHHnbiM n H3HimibiM ciioco6om iio3boahct opra- 
HH30BaTb BbI30BbI H B03BpaTbI H3 IIO/mpOrpa.MM. 

OflHaKO onHcanne pa6oibi CTCKa npn 3 tom buma/iiit xinoroc.ioBiio 
h HeyKJiio>Ke. Konemio, CTeKOBan /uiarpaMMa n npaBon Macni npiixiepa 
onpeAeJienno nojie3na, no naAO noMiniTb, hto 3to - Bcero .innib nacTb 
onncannH. /^aBaiiTe BBe^eM neKOTopbie o6o3iiaHcnitH, KOTOpbic iio3boaht 
H a\i paccyxtAaTb o noAnporpaMMax (n, KaK Ovact biiauo u la ibueiimcM. 
ne TOJibKO o noAnporpatuMax) n CTCKax 6o.iee KOMiiaKTiio ZLih otoio bbc- 
AeM cneuHajibHbiM perncTp, KOTopbiii ovact o6o3iiaHaTbCH KaK SP (stack 
pointer) - yKCuamejib arietta. SP Bcer/ia yica3biBacT na uepinmiy ctckb 
(b nycTOM CTene Bepiumia CTCKa, t. e. SP, corniaAacr c cro aiiom). 

npn npoTaJiKHBanHH aApcca uo3Bpaia b ctck 3iiaMemie SP KoppeKTii- 
pyeTCH: SP=SP-1, n noBoe 3iiaMenne (SP) -aApecy uo3upaTa. Uohcmy SP 
yMenbinaeTca na 1? BcnoisnuiM, panee mbi ycjioBiiAiicb, hto ctck padci 
ot 6oAbiunx aApecoB k MeiibimiM, t. e. u cropony MJiaAmnx aApecoB na- 
mhtm (k iianajiy naMHTM). rioaTOMy npn npoTaAKiiBainni b ctck hoboto 

SAeMeiiTa 3 iiaHeiine SP aojdkiio 6i>iTb yMeiibiueno. 

npn BbiTajiKUBannn aApeca B03BpaTa ii3 ctck a 3nanenne SP biiobb 
KOppeKTMpyeTca, no y>xe b «o6paTiiyio» CTopony, t. e. b cropony crapimix 
aApecoB naMHTM, h SP=SP+1, a [SP]=npcAbiAymcMy aApecy noanpara. 
/laBawTe nepeiiHineM pa6oTy to;ii>ko hto paccMOTpeimoro npiiMcpa b iio- 

Bbix o6o3HaHeiiHHx: ori cn 

O Bbi30B (no aApecy 2000) nepnofi noAnporpaMMbi; SP SI -1. 

[SP]=2001; 7 

O nepBan noAnporpaMMa naHHiiacT HcnojiiiHTbCH; 

O BbiaoB (no aApecy 2600) Bxopoii noAnporpaMMbi; SP-SI-1. 

[SP]=2601; 

O BTOpaji noAnporpaMMa naHiiiiaeT HcnoJiiiHTbcn; 

O ynpaujieinie nojiynaeT KOMaiiAa RET (no aApecy 45S0); 







_ ' *** ^ ****** ncrowiw CTg* <> 45 

O aapocBamp«Ta-[SP)(re.2601);SP-SP>1 

O ncpc/iaMa ynpa&iemtH 11a aapee 2601. pa&rra BTopoH mvwpoi jum 

mm naitiocTbK) jauepmeiia; 

O Boao6HOB.icHiie (c aapeca 2601) paooTbi ncpBon ncvuipor jvimmn 
O ynpamienwe iiOAyNaeT KOMaana RET (no aapecy 2615); 

O aapecB03BpaTa-[SP] (re. 2001);SP-SP+1; 

O nepcaaMa yupaBJieiiHH na aApec 2001; pa6ora nepuoii iKunporpaM* 

Mbi noAiiocTbio 3aBepiuena; 

O ctck B03BpauiaeTCfl b iicxoahoc coctobiiiic. 


Bo MHOIUX KOMTlbJOmepUblX apxUmCKmi/J)(l\ pesucmp. nooofinrx-i !K(1 l 

memo cmeKo SP, deucmoumenbuo npedycuompen Mom no, kohcuho. pea.ni 
30oamb cmex u npozpaMMno, earn maKO/o pciucmpa uem 

Cpaohumejibuo c npedb/dyupuiu eapuanma-uu unjoug u ooj'tftama u.. 
nodnpozpoMM (c obidenenuou xueuKou d.ui ecex nodnpo/fXLu.u u cnenuaib- 
hou nueuKOu a mene comou nodnpospa.\L\tbi) nocnedmiu unpuaum co cmt vow 
obiuisidum necKOJibKO nuutcenoeeoio. FlompeOoecuocb nun-mu noet/to ko- 
Mdudy (RET) u noobiu peiucmp (SP) 11 hough Kauanda. u yxuMWie ib cmc 
kq dojumuesawoodencmeosQ b wear dy co6ou cooepust wtoonpedeMeNHbu 
o6pa30M,umo necKOJibKO cnuMaem mu indnoemb. Ho *mo untuanucniu 06 - 
MQmueo. Bee onepayuu no *ManunyjiupoeanuK)*cocmoHniu w < mi kg (unto 
ceodumcH (panmunecKU k paCome cpetucmpoM SP) turn. mg riftocmu u, umo 
ua3bieaemcH, 4cnpamanbi nod tcanom*. 

Rjih npocmeuuiux cJiynaeo pGCCMompennbu punt < oapuantmu (o< odeuno 
emopou - c coxpanenueM adpeca oojtipama a meie nodnpo/pu.\L\iM), ooj- 
momho, u xopouiu. Ilo deno o moM, umo npocrrwuiuux ciyuaeo npuKmuuecKu 
tie 6bieaem. 3 decb yMecmna uetcomopaH giulio/uh c ladaueu giig.iu.ig cko- 
6 ounbix empytemyp. Memod co cuemuuKOM npocm, nat-inden, no na whom 
oce ezo npeuMyiyecmoo u 3aKanuuoatomcH : a oCnye.u cnyuae cko6ouhmc 
cmpyKmypbi MemodoM co cuemuuKOM pa 3 o 6 pamb npaxmnuvcxu neoo 3 - 
MODtcno. Boedenue cmexa peunuio pajo.u oce npo&ieMbi, u menepn, kgkuc 6 m 
munbi cko6ok - daotce caMbie «9K3omuuecKue» hum ne ocmpermuucb, oce 
onu 6ydym pa3o6panbi edunoo6pa3HO a cooepuienno aomoMomnuecKU. Tax 

j/ce mou.no deno obemoum u o 3adaue c nodnpotpoMMQMu. 


HanocjieaoK a aBaifre o6iiobhm TepMmiojipymo. Bbiaon uo/uiporpaM- 
ibi KOMaiiAOH JSR c OAHOBpeMeniibiM nporajiKuuamieM u ctck iioaBpaTOB 
fl peca oosBpara h yMei.biueiiHeM anaaenna yKaaaxejm cxcM<a SP npnmno 
ia3biBarb nponotoM. Boaiipar u.3 no/mporpaMMbi KOMaiwon RETc 0/1110- 
ipeMeiuibi.M Bb.TajiKHBa.meM mb cxena Boaopaxo.. aapeca noanpaxa.. y»e- 
i.mei.HeM shvhhim yKaaaxcm creKa SP npmiaxo ..aawoaxb 3 nwioioM. 
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3aA8Hi/i, npt/)B0A9uni/ie k cT0Ky 


B ooiueM oiyqae npojior h amuior MoryT conpoBOK/iarboi n /ipyriiMii 
fleHCTBHHMH, no omicainibie - iviamibie h o6>i3aTe;ibHbie. 

Pa3Aejibi, nocBfiuieinibie noAnporpaMMaM, ne/ib3« na3BaTb npocibiMii. 
3 to h noiiHTHo: 3/iecb Mbi HMee\i nejio lie co craTiiMiibiMii cKooownbmii 
CTpyKiypaMH, KOTopwe 3anncbiBaioTc;i iia 3Tane cociaBJiemia nporpaMM 
JIHllib OAIia>KAbI H CMHTbIBaiOTCfl H3 HCXOflHbIX KO/lOB, a C AHHaMIHICCKHMII 

Bbi30BaMH no^nporpaMM. B o6iueM c;iyMae nopoii hcbo3mo>kiio tomiio cxa- 
3aTb, Kor^a, KaKHe h i<ai< no/inporpaMMbi 6y;iy r Bbi3Baiibi; TaKHx Bbi30B0B 
MO)KeT h ne 6biTb hh OAiioro, a Mo>KeT 6biib h Miioro Tbic^iH. B cvie/iyio- 
iue\i pa3&ejie, Hcnojib3ya yx<e iiaKonjieinibie naMii 3iianiui, mbi o6paTHMC« 
k npai<THHecKH BaauiOMy cjiynaio peKypcuBiibix bbi3obob no^nporpaMM. 

noAnporpaMMbi: peKypci/isi 

A Tenepb aaBawTe nocMOTpHM, mto npoii3oinieT, ecjui iio/mporpaMMa Bbi- 
3biBaeT caMy ce6a, t. e. pei<ypciiBiibie Bbi30Bbi. 3apaiiee ctoht npe/iynpe- 
AHTb: 3tot pa3,aeji 6yAeT AOCTaTOMiio cjioxcubiM. 

3decbMbi npodojuicuM o6cy:icdeuue meMbi ynpciGJiemui nodnpoipaMMCi- 
mu (obt30Gbi u Q03Gpambi U3 uux). Meinod, npu KomopoM adpec 603epama 
3anoMuuajicsi g cneyucuibuo Gbidejienuou djisi amou u,e/iu meuKe naMJimu, 
Mbi ne paccMampuoaeM no oneoudubiM npmunaM. 

CHanajia paccMOTpHM cjiy^aw c coxpaiieimeM a/ipeca B03Bpara b tcjic 
caMOH no/tnporpaMMbi (t. e. 6e3 Hcno;ib30Baima CTei<a): 

Aapec KoMaHAa 
* ♦ • 

; Bbi3oe noAnporpaMMbi 

2000 DSR 2500 

2001 
2002 
€ • • 

; 3Aecb 3anoMHHaeTCfl aApec B03Bpaia noAnporpaMMbi 

2500 NOP 

2501 

; peKypcuBHbiii Bbi30B noAnporpaMMbi O 

2600 3SR 2500 

2601 
• • # 

; 8038paT M3 noAnporpaMMbi 

2615 BR @2500 
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UOCMOTPHM, hto TyT npoHcxo/un. IloiiaHajiy Bee 11 /ieT, KaK oOblHlIO. 
no aApecy 2000 nponcxoAHT Bbi30B noAnporpaMMbi, iiaHimaioinencn 
c aapeca 2500. AApec B03BpaTa (t. e. 2001) 3amicbiBaeTc>i b hmchkc iibmh- 
th c aApecoM 2500. 3anoMmiM oto xopomeiibKo. IIotom rio aApecy 2600 

(KOTOpblli HBJIHeTCH HaCTblO CaMOM nOAIiporpaMMbl) npOHCXO^HT pCKyp- 

ciiBiibiii BW30B 3TOH ace noAnporpaMMbi, h no^nporpaMMa pcKypciiBiio 


naMHHaeT BbinoAUHTbcn c caMoro Hanajia, t. e. c aApec a naMHXH 2500. 

Ky^a AOJi 3 KeH 6biTb ocymecTBJien B03Bpax 110 oKoiiHaiinn pCKypciiB- 
noro Bbi30Ba? B cootbctctbiim c y>xe ycTaiioBJiemibiM nop«AKOM axo 
aApec 2601. aojwkch 6biTb coxpaiien stot aApec B03Bpaxa (t. e. r^e 
HyxcHO coxpaHHTb aApec 2601)? On aojdkcm 6bixb coxpaneii no aApecy 
2500, t. k. Mbi AoroBopmiHCb, hto nepBan aneiiKa nawaTH xcjia riOAnpo- 
rpaMMbi cjiy>KHT MecTOM coxpaiienim aApeca B03Bpara. Ho BcnoMiiirre, 
KorAa Mbi Bbi3biBajiH noAnporpaMMy b nepBbiii pa3 (no aApecy 2000), mm 
3anncajiH no aApecy 2500 hhcao 2001. Ilocjie peKypciiBiioro Bbi30Ba axo 
hhcjio 6yAeT nepe3anncaiio iiobmm aApecoM B03Bpaxa (a iimciiiio aApecoM 
2601). MTaK, coAep>KHMoe hhchkh nawaTH no aApecy 2500 npnnuMacT 
nocJieAOBaTejibno ABa 3naHeiiiifl: cnanajia 2001, 3aTe\i 2601. L Ixo 113 stoio 
cjieAyeT? Hunero xopomero - aApec B03BpaTa b ocnoBiiyio nporpaMMy 
(2001) 6yAeT noTepnii, h Mbi ne cmo>kcm BepnyTboi 113 rioAnporpaMMbi 
b ocHOBnyio nporpaMMy. 

3to AOBOJibiio tohkhw MOMdix, ii Mbi upevuiaraeM na ncicoropoe Bptwoi 


ocxanoBHTbcn h eme pa3 nepenuTaTb npeAbiAymnn a63an. 

Bot KaK 6yACT BbinoAHHTbCH 3xa nporpaMMa (mbi npiiBOAiiM ciiiicok 

TOJIbKO TCX aApeCOB, KOTOpbie CBA3anbI C BbI30BaMH HOAIIpOrpaMM II B03- 

BpaTaMH M3 hmx): 


2000 

2500 

2501 
2600 

2500 

2501 
2600 

2500 

2501 


ocHOBHaa nporpaMMa; Bbi3oe noAnporpaMMbi 
coxpaHHTb aApec B03BpaTa (2001) 

Hana/io HcnoAHeHHfl noAnporpaMMbi 
nepBbiH peKypCHBHWH BW30B noAnporpaMMbi 
coxpaHHTb aApec B03BpaTa (2601) 

Hasa/io Hcno/iHeHHH noAnporpaMMbi (btopoh pexypcHSHbiH 8bi3oe) 
pexypcHSHWH BW30B noAnporpaMMbi 
coxpaHHTb aApec B038p3Ta (2601) 

Hana/io Hcno/iHeHHfl noAnporpaMMbi (tpgthh peKypcHBHbin Bbisoe) 

■, - a 


H raK, Mbi buaiim nocACAOBarejibnocTb aApecoB 2500-2501-2600, ko- 
Topaa 6>'Act iiciioAn*TbCH 6eci<oiieHiio. 3to - euie OAna <|>opMa occko- 
MeHHoro UHKJia, c KOTopuM mbi y*e BcrpenaAncb paHbuie. Omcuu.imo ;«“> 
B cAynae peKypciiBHbix dusobob mctoa c coxpaucinicM a/ipeca nosiipai. 
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b nepBOH hmchkc naMHTii noAnporpaMMbi iienpnro/ien: mu iniKor/ia, mi 
npn KaKHX ycJioBHHX lie BepneMCH b ocuoBiiyio nporpaMMy, t. k. 3tot ayipec 
yrepHH uaBcer^a h 6e3B03BpaTiio. FIo/inporpaMMa 6y/ier Hcno;niHTbcn 
h HcnojiHHTbCH, h ee (a BMecTe c new h ociiOBHyio nporpaMMy) npiiAeTcn 
npimyflHTejibHO npepBaTb. Mian, 3tot mctoa ynpaBJieniw peKypcuBiibiMH 
noAnporpaMMaMH mu Bbiny>KAeiibi npH3iiaTb nenpnroAiibiM. Ho, mo>kct 
6biTb, cTei< (yace b KOTOpbiw pa3) na\i noMoaceT? /laBarhe nocMOTpHM: 


AApec 

KoMaHAa 


• • • 

; Bbi3oe noAnporpaMMbi 

i- 

2000 

DSR 2500 

|- 2001 

2001 

- - - 

2002 

— 


• • • 

; Hana/io noAnporpaMMbi 

|- 2001 

2500 

- - - 

2501 

— 


• • # 

; peKypCMBHbiM Bbi30B noAnporpaMMbi 

[ 2001 2601 

2600 

DSR 2500 

2601 

— 


• • • 

; B03BpaT M3 noAnporpaMMbi 


2615 

RET 



BiiHMaTe^bno npocjieAHM 3a ii3MeiieiineM cxcica B03BpaT0B. npc>KAe 

Bcero 113 ociioBiioii nporpaMMbi (no a/ipecy 2000) Bbi3biBaeTcn no/inpo- 
rpaMMa. A/ipec B 03 BpaTa (2001) 3 anoMnnaeTCH b ctckc B 03 BpaTOB. YIoji- 
nporpaMMa (ona, i<ai< h iipe>K/ie, nanwnae-rca c aapeca 2500) nannHaer 
Bbino/niaTbCH. no azipecy 2600 nponcxo/u-iT peKypcHBiiwii bm3ob uoj\- 


riporpaMMbi, n b ctck B03BpaTOB Ao 6 aB;iaeTcn noBbiii a/ipec B03Bpara 

(2601). IloflnporpaMMa biiobb nanwnaer BbinoAUHTbcn c a/ipeca 2500. 
Ho oOpamre BiniManne - aapec B03BpaTa b ocuoBiiyio nporpaMMy (t. e. 
2001) miKyAa ne uponan - on jiexcHT b creKe B03BparoB! He mckj-iiomciio, 

mto 6vavt npOH3Beflenbi eme n peKypcnBiibic Bi.uoubi, n ctck B03BpaTOB 
Oynei naKaiuniBaTb a/ipeca b CJieayiomeii notyic/ioBarcvibnocTn: 

1- - I- 2001 - 2001 2601 I- 2001 2601 2601 - [ 2001 2601 2601 2601 


(3Accb Bb.H0AHei.bi rpi. peKypci.BHbix BU3oaa rio;uiporpaMM.,.) r .yfinna 
CTCKa B03BpaTOB. o'leunano, 6y/ier yBeaieiHBaTboi na o;um ojicmch i npi 
Ka>KAOM pei<ypcinmoM BbiaoBe noAnporpaMMbi. 
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Mto np0H30MfleT npii aoctidkchhii KOMaiiAM Bocmpaia RET no aapecy 
2615? IlyCTb CTeK B03BpaT0B H&XOAHTCH B TOJIbKO MTO yKa3aniIOM COCTOfl- 
mni. A npoii30HAeT cjieAyiomee (BcnoMiniaeM o perncrpe yKa 3 are;i>i ctc- 

K a SP, KOTOpbiH 6biJi BBeAen HaMH b npeAbiAymew pa3AeAe, nocBmuennoM 

noAnporpaMMaM): 

O aApec B03BpaTa = [SP] (t. e. 2601); SP=SP+1; 

O nepeAana ynpaBJieHH^i na aApec 2601 (B03BpaT 113 Tpexbero pexyp- 

CHBHOrO BbI30Ba); 

O ynpaBJienwe BiioBb nojiyMaeT KOMaiiAa RET; 

O aApec B03BpaTa = [SP] (t. e. 2601); SP=SP+1; 

O nepeAana ynpaBJieunn na aApec 2601 (B03BpaT 113 BToporo pcieyp- 
CHBHOrO BbI30Ba); 

O ynpaBJieHHe BiioBb nojiynaeT KOMaiiAa RET; 

O aApec B03BpaTa = [SP] (t. e. 2601); SP=SP+1; 

O nepeAana ynpaBJieHHH na aApec 2601 (B03BpaT 113 nepBoro peicyp- 
CHBHOrO BbI30Ba); 

O ynpaBAeime bhobb noAynaeT KOMaiiAa RET; 

O aApec B03BpaTa = [SP] (t. e. 2001); SP=SP+1; 

O B03BpaT b ocHOBHyio nporpaMMy; peKypciiBiibiii Bbi30B iioAnpo- 
rpaMMbi noAiiocTbio aaBepmen. 

ElTaK, CTeK B03BpaTOB o6ecneMiui coxpaneinie Bcex aApecoB B03Bpara 
h nocAeAOBaTeAbHbiH B03BpaT M3 peKypcHBiibix noAnporpa.MM b ociiob- 
nyio nporpaMMy. 

MoAceT noKa 3 aTbca, hto TyT mto-to ne Tax. Ecjih BAyMaTbca, to 3accb 
A encTBHTeAbno Miioroe Tpe6yeT rioacneiiHii. Cennac Mbi 3 thm h 3aii- 

MeMCH. 


Ilpe>KAe Bcero Mbi npoAeMoncTpiipoBajin rpn peicypciiBiibix Bbi30Ba, 
u MaKCHMajibiiaa rAy6nna cxena B03Bpaxon (c yneroM B03Bpaxa b ociiob- 
uyio nporpaMMy) cocTaBHJia BecbMa ne6o;ibuiyio Bc;niMniiy, paunyio 4. 
A mto, ecjiH peicypciiBiibix BW30BOB 6yAex ne Tpri, a 1 piiAUa 11 », 1 pnc 1 a, i pn 
rucHHH m 6ojibine? 3 to BnOJrae B03M0HCH0; 6o;iee Toro - axo otiuoai> iic 
peAKOCTb. Ecjih ctck B03BpaTOB ne AocTaroMiio rjiyfioK, to oneiib oiacTpo 
peKypciiBiibie Bbi30Bbi noAHOCTbio ero 3anoJiiwT. Mxo nponaonACT b 3tom 

cjiynae? 

Ecjih cpeAa ncnojnieiiHH nporpaMMw, iianpiiMcp onepamioimaji cue ie- 
M a nan Bnpxyajib.ia* Mauiniia, KOHTpoJinpy^T nepenoJiHenne (overflow) 
creKa nosupaxoB (a T ai< o6wmho axo h npoHCXo/un), to npoiiaon/iex ana- 
pui'niaa ocraiioBKa nporpaMMbi c bhboaom cooxBercTByiomcro cooGmeima. 
Eon. ace xaKoxo KOHTpca Hex, to cxe.c eoaepaxoB miner « 3 axBaxb. B axb» 
uaMHTb, npniiajyie* a myio /ipyniM npoxpaMMaM. H.mcro xopomcro u axo. i. 
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KOHeMHO, IICT. EoAee Toro, gcjiii peKypcimiibix bm3obob 6yj\ej caiiuikom 
Miioro, TO pano hjih hosaho HcnepnaeTca bch AocTyimaA riaMATb, 11 pa 6 ora 
Bccro KOMnbioTepa 3aBepiiiHTCH noAHbiM icpaxoiu. Bonpocbi peryAiipoBa- 
hmh rjiy 6 iuibi CTeKa B03BpaT0B (BiipoHeM, i<aic n Bcex Apymx creKoo) Tpc- 
6 yior oTAejibnoro o 6 cy>KAeiiHH h otiiocatch, CKopee, k peajiH 3 amm cxcKa. 
Koe-MTO 06 3TOM MO>KHO npOMeCTb B OAHOM M 3 npHAOACeilHM. 

Ho ecAH rAy 6 HHa CTeica B03BpaT0B - Bonpoc, b o 6 me.M, rexmiMecKiiH 
(XOTA H OMeHb B3>KIIbIH), TO CACAyiOlHaA npobACMa liaXOAHTCA UeAIIKOM 
h noAHOCTbio b BeAeniiH nporpaMMiicxa. 3iy npo 6 jieMy moauio ajiopMy- 
jutpoBaTb TaK: KorAa cnejiyer npeKpaTHTb peKypciiBiibie Bbi30Bbi n kbk 
HHHUHH poBaTb npouecc B03BpaTa H3 hhx? B riocAeAneM ripiiMepe Mbi 
MOAHaAHBO npeAnoAaraAH, hto peKypciiBiibie Bbi30Bbi icorAa-To oyAyT 
npeKpamenbi, ho 3to, Koiieniio, ne peineinie npo 6 AeMbi. Miiojkcctbo rio- 
nbiTOK pa3pa6oTKM peKypcHBiibix nporpaMM noxepnejio noAiioe (j)iiacKo 
HMeHHO noTOMy, mto nporpaMMHCTbi ne o6eciie4HAii icoppeKTiioro 3aBep- 
rneHHH peKypcHii. Hmchho noaxoiuy peKypciiBiibie nporpaMMbi c TaiaiM 
TpyAOM HaxoAHT npii3HaiiHe cpeAH nporpaMMucTOB (m oniioAb lie BccrAa 
TOAbKO naHHiiaiomHx). 3toh npo 6 AeMe 6 yAeT nocBamena ocTaBuiaaoi 
HacTb Aannoro pa3ACAa. 

.flaBawTe nocMOTpHM ABa npinuepa peKypcim (a3bii< nporpaMMiipoBa- 

hhh Java): 


int factorial (int n) { 
if (n <= 0) return 1; 
return (n * factorial (n - 1)); 

} 


int sum (int a, int b) { 
int s = a; 

if (b == 0) return s; 
return (sum (a, b - 1) + 1); 

> 

(3Aecb mm cneunajibHO noA l iepKiiyAH peKypciiBiibie Bbi30Bbi). 

nepBbui npHMep - KJiaccHHecKiiii npHMep peKypcHBHoro bwhmcachhb 
(JjaKxopnaAa (n!=l*2*...*n). Bropoii npuMep - cyiuwa AByx nejibix m.icca 
a li b. CyMMa o6pa3yeTca npubaBAeimeM k nepBOiuy cAaraeMOiuy (whc- 
jxy a) cTOAbKiix eAHHim. CKOALKO MX coaepxuiroi bo dto P qm cnaraeMOM 

(b HHCAe b). To ecTb win cJioxceHHM, CKa^eivt ‘7 a- 10 h b- 3 , k 10 AOoaBAa- 

lOTCH TpH eAHHHUbl, COCTaBAfllOlHHC 4HCA0 b. 

Koneuno, ua npatcmune maxou cnoco6 cjiomchuj, uucen ne ucnojibjyem- 
at, u mm npueoduM eio numb kok naznadtibiu nprntep pexypcuu . 
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KcTSTH, BTOpofi M3 IipMMCpOB M03B0JM1CT liaiVUI/UIO yoC/UITbCM B TOM, 

hto npo6jic\ia nepenojmenMH ciCKa mojkct B03iinKiiyTb/iocTa iomiio upoc- 
to. Ecjih Mbi nepe^aAMM b KanecTBe BToporo cjiaraeMoro (ewy cootbgt- 
CTByeT nepeMenuaH b) aocTaTOMiio 6o;ibmoe mhcjio (uaiipHMcp, 10 000) 
u nonpobyeM BbinojiHHTb mctoa, to oneiib cKopo 6y/ieT creiiepupoBano 
coobmeiiiie 06 omubKe, h BbinojiHeiiHe nporpaMMbi npeKpain roi. 3ia >kc 
npo6;ieMa B03 hhkhct h b tom cjiynae, ecjiH riepeziarb oTpnuaTCJibiioc 311a- 
HeHHe. B o 6 ohx cjiynanx npoH30HfleT rpiiBnajibnoc iiepcriojmeime ctckb 
B 03BpaT0B (nocjie wecTH c HebojibiuiiM tmchh pei<ypciiBiibix Bbi30B0B na 
KOMnbioTepe aBTOpa). 

HanoMHMM eme pa3: oTJiHHHTejibi-iafl ocoOeimocTb peKypcuu b tom, 
hto noanporpaMMa mojkgt Bbi3BaTb caMy ce6«. KoneMiio, naiun npMMepbi 
na 43biKe nporpaMMHpoBaiiHH Java mo>kho (a npaKTHMecKii aa>KC ny>K- 
ho) nepenncaTb 6e3 Hcnojib30BaHHH pexypcHH, 110 bo miiohix cjiynanx 
peKypcHH oi<a3biBaeTC4 yao6nbiM h ecTecTBemibiM cnocoboM peajni3amni 
3aaan. 

B l-iauinx npHMepax ouemiTb tomiioc kojihmcctbo peicypciiBUbix Bbi3o- 
bob JierKO, ho nopoft TaKan ouenKa 3aTpyaneiia, m kojiiimcctbo peKypciiB- 

HblX Bbl30B0B 3apaiIGe IICH3BCCTHO. PcKypCIia npaKTHMecKii lIC3aMCIIIIMa, 
Koraa pcnb HfleT 06 o 6 pa 6 oTKC cjioxaibix CTpyicryp aamibix (nanpiiMcp, 
cnucKOB, aepcBbGB hjih rpacboB). npn Hcnojib30Baiiiin pcKypcnn Baaciio 
obecneMHTb cc 3aBepiiiGHne, t. c. b nporpaMMc aojokiio 6biTb ycjioBue, 
npH KOTOpOM pCKypCMBIIblG BbI30BbI npCKpamaiOTC>I. TaKOC yCJIOBHC 
Mbi TaK ii 6yaeM na3biBaTb - ycjiooueM 3aoepiuenusi peKypcuu. B iiauinx 
npHMepax noaobiibiM ycjiOBHeM 6buia upOBepKa na 0: napaweip (n ivm 
cl)ai<Topwajia h b ajih cyMMiipoBamoi) npn icaxc/iOM peKypciiBiioM Bbi30Be 
yMeiibuiaeTCji 11 a 1. Pano hjih no3Aiio n h b yMeiibinarcfi ao 0 ,11 pexypcua 
AOJixcHa 6yaeT 3aBepuiHTbCH. 


B npaowibno iianucaunou npoipaMMe qchkgsi peicypcuji Oojimiig pa no 
min no3dno oaoepuiumbcn, m. e. 0 maicou npoipaMMe dojuicuo codepMambcsi 
ycjioeue 3aoepiuenu n peKypcuu. B nauiux npuMepax ycnooue 3aoepmenusi 
peKiypcuu cocmofuio 0 npooepKe na 0; 0 dpyiux cnyuasix 3 mo ycnooue mo- 
Mem 6bimb uHbiM, no maKoe ycnooue 0 juo 6 om cnyuae dojutcno ubtrrw, und¬ 
ue neu36ejfcno oo 3 nuKnooenue npodneM , Komopbie npuoedyrn k moMiy, nmo 
npospaMMa nu6o nuKO/da ne saoepuiurncn , jiu 6 o 3aeepmumcn c ouiuOkou 

(oKpamufi Mbi 06 3moM yjfce ynoMJtnyjiu ooiuie). 


Ecjih yc/ioBiie aaBcpmemoi peKypcuu BbinojiiwcTca, to peKypcim- 
Hbic iii»i 3 ()in.i npcKpamaioTca; u nponnmoM CJiywae iipoiicxoaHT hobmh 
pcKypciiBiibiH Bbi 30 B. Koraa n nporpaMMiiponaiun. ..cnojibayero. c.iouc 
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«ycJioBHe», to noA othm noApa3yMeBaeTcn npoBepKa 4ero-jui6o. Cjic- 
AOBareAbuo (mi>i BHOBb B03BpamaeMCH k liamcMy acccMdjiepy), hum hc- 
o6xoAHMa KOMaiiAa aaa npoBepi<n: npoAOji>KaTb peicypcHBHbie Bbi30Bbi 
HJ1H npeKpaTHTb. Bbcacm, b Aonojineiine k ywe hmcioihiimch KOMaii^aM 

BR, JSR, RET h NOP, noByio KOMaimy h na 30 BeM ee TSZ (ot TeSt on 

Zero). 

KoMaiiAa TSZ pa6oTaeT t<xk. ripoBepaeTcn coacp>khmoc ncKOTopoii 
HMeHKH naMaTH. Ecjih coAep>KHMoe 3toh aneiiKii panno 0, to Bbinojiiw- 
eTCH KOMaiiAa, nenocpeACTBeiiiio cjieAyioman 3a TSZ; ecjin coAepmiMoe 
3toh HMeiiKH ne paBiio 0, to KOMaima, nenocpeACTBeiiiio cjieAyiomaa 3a 
TSZ, nponycKaeTCH. Bot i<ai< Mo>i<eT BbinniAerb (|)parMeiiT KOAa c hc- 
nojib 30 BanneM TSZ: 


TSZ cond 
BR addr 
NOP 


; ec/iM [cond] = 0 
; to nepeMTM no aapecy addr 
; MHase npoAO/DKUTb 


Cuanajia Mbi npoBepaew coAep>KHMoe anewKH c aApecow cond (ot 
cjiOBa condition, t. e. «ycjioBiie»). Ecjih 3Ta aneiiKa coAepacuT 0, to bbi- 
nojinneTca KOMaHAa BR addr h npoiicxo/niT nepeAana ynpaBJienna no 
aapecy addr. Ecjih coAepacHMoe stoh hmchkh ne paBiio 0, to Bbinojuui- 
ctch cjieAyioman no nopaAKy KONiaiiAa (r. e. b AamiOM cjiynac KOMaiiAa 

NOP). 

Ecjih 3Ta KOHCTpyiauin coAep>KHTca Biiyrpn noAnporpaMMbi, to, noA- 
CTamiB BMecTo NOP Bbi 30 B 3toh >i<e cbmoh noAiiporpaMMbi (icoMaiiAy 
JSR), MM BbinOJIHHM Ce peKypCHBHblH BbI 30 B. 

KoMQuda TSZ nanoMunaem npocmou oapuanm ycjioonoio onepamopa 
IF-THEN-EISE, xopouio matcoMOZO hom no dpyziui >i3biKQM npozpaMMu- 

pooanuji: 


IF (cond — 0) THEN ... ELSE ... 

c rnou moJibKO pa 3 uuu,eu, umo KOManda TSZ «ijMeem» npooepmnb jiuutb 
oduo ycnooue, a umohho ycjiooue paoencmoa nipuo. 

riene/i tcm i<ai< npoAOJi>KHTb paccKa3 o peKypcmi, bucacm cmc oanv 



KOMaHAbi DEC: 

















♦ S3 


CoWpKHMoe MMciiKM na.MHTK c supecou 5000 pasiK> 3 (i < |5oo<j|-:i) 
KoMatuu DEC 5000 noaApccy 1500 vMcmmarT |5000| tu 1 .1 * » ^ ru 

( 50001 - 2 . 


HaKOMeu. renepb mu roroma k tomy. »rif/>u o<V> i»nu k.**, • <* ui>u« 
lore* pcKypcmuiuc buoobu ii, namioc. icak nponrv) hit *«>t .3^ <u imv 

BcpHCMCfl K liaiUCMY H3UKV aCCCM&ll pa II paiv '%1 IVJ v < 

MOAM(])iiKamiK) tiauicro npiiMepa. 


AApec KoManAd 

; bw3ob noAnporp***%- 

2009 3SR 2500 ^ Ml 

• • • 

; Hana/io noAnporpa««%* 

2500 TSZ 5000 . npoMp«J F Ml 

2501 BR 2615 ; nep**oa t</*» 0 

2502 0EC 5000 ; m* 0 

• • 1 

to, ; peKypCHBMWH b*3ob ooAnporpji^. 

2600 3SR 2500 ' Ml Ml 

2601 

• • • 

; 803BpaT M3 noAnporpaMMbi 

2615 RET 

# • # 

; cMeTMMK (yc/ioBwe aaaepuenMA penypcuM) 

5000 3 


• • • 

(of>parnTe BHiiMaiuic na KOMMeirrapmi u iiOAiiporp ;iMMe )* 

Mbi Ao6a»nAM uecKOAbKo KOMaiiA no aApecaM < 2500 no 2 j02. C m,» i.i- 
ji a Mbi npoBcpwcM 3icaHeiiiic, xpaimmcecn no aapccy 5000 IlanoMiniM. 
4 ro M 3 na 4 ajibHO [5000 1 - 3. Tan Kan oto aiia'ieiiiic ite pam.o 0, to t.icviv»o- 
uim KOMai.na no swpecy 2501 (BR 2615) riponycKacTo, u yupai. icwie 
nepe/werca no a^pecy 2502, we nponcxo/nn yMom.mcin.c mam-mo. no 

aapecy 5000 Ha 1. 





54 ❖ 3aAann, npi/iB0A9um/ie k cT gKy 

CjieflOBaTe^buo, uooie Bbinoaiiciuui aroii Kowan/ibi [5000] = 2 IIotom 
( no aapecy 2600) n/xex peKypcnmibiii bbi30b noAnporpaMMbi, n ona BiioBb 
HaHHHaeT, Kai< h no-noweiio, BbinojiiiaTboi c aapeca 2500 . 

3aTeM noBTopaeTca Ta ace caiuafl tiocae/ioiiaTejibnorn.: npoBep- 
Ka coAep>KHMoro hmchkh c a/ipecoM 5000, ero ^CKpcMeiir (iiocjic wero 
(5000] = 1) h HOBbiH peKypcHBiibiii Bbi30B. HaKOiieu, nocjie owepe/uioro 
ACKpeMeiiTa coAepaaiMoro hmchkh c a/ipecoM 5000 ( rericpb, ohcbhaiio, 
(5000] = 0) n npoBepKH iia 0 Mbi nepe/iaeM ynpaBJieime no a/ipecy 2615, 
t. e. Ha KOManay B03BpaTa H3 no/inporpaMMbi. 

3Ta KOMaiw ocymecTBJiHeT B03BpaT 113 nocjie^iiero peKypciiBiioro 
Bbi30Ba (nepe/iaeT ynpaBJieinie no azipecy 2601). nocjie OToro KOMaima 
RET eme ABa>KAbi ocymecTBJiaeT B03BpaT 113 peKypciiBiibix Bbi30BOB n, 
naKoneu, nocjie Toro icai< Bee peKypcuBiibie Bbi30Bbi 3aBepnieubi, b ctc- 
Ke B03BpaTOB ocTaeica eAHHCTBeinibin a^pec (2001) - a/ipec B03BpaTa 
b ociiOBnyio nporpaMMy. 3 tot B03BpaT BbinojinneTcn, h uporpaMMa upo- 
AOJiacaeT BbinojinflTbCfl c a/ipeca 2001. 

Bot h Bee - mbi CAe^ajin Tpii peKypciiBiibix Bbi30Ba n rpn BoaBpara 113 
mix. HnenKa naMHTii c azipecoM 5000 Bbiriojnnuia b nauien nporpaMMe 
po^b cneTHHKa, a ycjiOBiieM 3aBepineiiHa peKypcim 6biJio ny./icBoe 3iia i ie- 
liwe cnemMKa. 

TaKHM o6pa30M, Mbi ao6hjihci> Toro, ncro xotcjiii, - iiaimi no/mpo- 
rpaMMbi Tenepb AonycxaioT peKypcmo. 

Ylocnednuu npuMep momho nepenucarnb npoia,e: 

Aflpec KoMaHAa 


; 8bi30B noAnporpaMMbi 

2000 DSR 2500 


F 

|- 2001 


; Hana/io noAnporpaMMbi 


|- 2001 


2500 TSZ 5000 

2501 RET 

2502 DEC 5000 


; ec/in 0, TO B03BpaT M3 noAnporpaMMbi 
; He 0 


; nposepKa 


2600 

2601 


; peKypCMBHbiM Bbi30B noAnporpaMMbi 

DSR 2500 


|- 2001 2601 


• • • V 

cseTHMK (yc/ioBMe 3 aeepujeHMfl peKypcMM ) 

5000 3 
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He cnedyem nojib 3 oeambCH swum npueMOM kqk crnandapmnbiM npaau- 
jom, 9r7io, CKopee, pe koa ten day uji . Htiozda sworn npucM mo Me in n ne cpaoo- 
martib - ece 3 aeucum orn peiuaeMou 3adauu. 

B peKypCHBiibix Bbi30Bax caMHX no cc6e ner inniero 3 ara/io 4 iioro u ne- 
o6biMnoro. 3 to o6bi4iibiH h pacnpocTpaHemibiH mcto/i nporpaxiMiipoBa- 
M1151. EAiincTBennaH npHHUHnHajibnafl ToiiKocTb, CB5i3aima« c peicypcn- 
ch, - o6ecneMMTb ycjiOBnc 3aBepweinia, icoTopoe 6;ioKHpyeT ( aajibiiei'niiHe 
peKypCHBHbie BbI30BbI H HaHHIiaeT UenOMKy B03BpaT0B. 

Ha 3 tom Mbi na BpeMfi 3aKaiiMiiBaeM o6cy>K/ieune no^nporpaMM n pc- 

KypCHBHblX BbI30B0B, HO n03>Ke I< HUM o643aTe;iblIO BCpneMOI B CB43II 

c npo6jieMOH nepe/iaHH napaweTpoB. 

BHai<OMa?i HG3HaKOMi<a: apnc|)MeTni<a 

MTai<, AaBaiiTe na BpeMa otjio>khm o6cy>K ( aeiiiie rio/uiporpaMM n o6pa- 
thmch k 6ojiee 3iiaKOMOH h npo3aiiMecKoii 3a/ia i ie - BbiMiic/ieinuo 
apii(})MeTH4ecKHX Bbipa^eiiHH. Mbi CHHTaeM cboiim ziojiroM cpa3y >kc 
npeAynpe/iHTb: 3iiaKOMoe OTino/ib ne 03iia i iaeT npocToe. Apii(|)MeTii4e- 
CKHe BbipaXCeilHH, C KOTOpbIMH BCe 31iaKOMbl C IianaJIblioi'l ILIKOJIbl, I(a>K>'T- 
ca npocTbiMH Jinuib na nepBbiii B3r jm&. ripo6jiCMbi iiaMimaioTca Tor/ia, 
Kor^a Mbi CTaBHM nepezi co6oh 3azia4y «iiay4HTb» KOMiibiorep iix ubiBiic- 
jinTb. B o6meM, apwc^MeTiHiecKne Bbipaweinia - ziOBOJibiio KpeiiKinl ope- 
rneK, b 4eM Mbi cicopo y6ezuiMca. Taic 4 to ne 6yzieM pacc;ia6jiHTbca - iiaM 
npe^CTOMT nenpocTaa pa6oTa, no ona Toro ctoiit. 

BydeM cuumamb, nrno apu(pMemmecKue GbipaMeuue cocmoem mo/ibiw 
U3 Huceji u 3 HQK 06 ocuoQitbix apu(j)Memuuecicux onepayuu. OaKmunecKu 
apucpMemuuecKue GbipaMeuue - omo nacmubiii cmynah aJiieopaunecKiix 
obipaMenuu. B nocnednux ace iuiu neKomopbie nucjia 3 aMenenbi 6ijKoa- 
MU (wiu nepeMennbiMu). Ajue6paunecKoe GbipaMeuue MOJicem 6binw oim 
HUCJieno , KOida nepeMennbie nojiynam uucjioGbie 3 iiauenue. Auaeu 3 u 06- 
pa6omKQ apiupMemunecKUX u ajueSpauuecKux obtpajicenuu udeumunubi, 
a ortviunumb apuipMemuuecKoe GbipaMeuue orn oji leCrpauneumzo - ie/KO u3 
KonmeKcma. 06 binuo maKoe pasdejienue necyiyecmoeuuo, u Mbi oydeM to- 
Gopumb npocmo o GbipaMeuuex. 

B KanecTBe 3 naKOB zyia oiicpaiuiii Mbi 6yzic.M ncno-'ibaoBa 1 b 1 o ibko l ie- 
u>ipe ocHOBHbix AewcTBHH: cjioweime (+), Bbi4iiTannc (-), yMiio>Kcime 

(*) 11 AC^einie (/). 7 v 

OriepamiH npiiMcmuoTca k oncpau/iaM (Miicjiaw 11 iiepcMcimw. )• 

Kpyrjibie ckoGkii ( n ), Kan o6i>imuo, npezinaaiiaMeiibi jum rpyininpouuu 
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onepaiiaoB u yKa3anna nocjieflOBaTejibnocTH achctbiih upu BbiMiicvieiinn 
Bbipa>KeiiMH. Box necKOJibKo npwMepoB, KOTopbie iio3bo.'mit imm bciiom- 
HHTb MaTeMaTHKy HanajibiiOH mxojibi (/ym Bbipa>Kcmiii, m bii onepan^bi - 
TOJibKO HHCJia, yi<a3aiibi pe3yjibTaTbi BbHuc/ieiiHH): 

1+2 = 3 

1+2*3 = 7 

(l+2)*3 = 9 

a+b 

a+b*c 

(a+b)*c 

l+b/10 

B dcuibneiiuieM 6ydeM npednojiatamb, urno CKo6ouitbie cmpyKmypbt, 
uMeioiyuecsi 6 apucpMemunecKOM obipajiceiiuu, cocmaojieiibi npaowibiio, 
m. e. nejisuomcsi donycmuMbiMU (nanoMnuM, umo 3adaua npooepKu cko6oh- 
ubix cmpyKmyp homu ywe 6biJia panee pernena). 

Hama 3a&a4a Tenepb TaxoBa: BbimicjiiiTb 3a;;aimoe apnc|)MeTH4ecxoe 
Bbipa>Keune. J\nt i apH(])MeTM4ecxHX Bbipaxceimu (nepBbie xpn Bbipaxce- 
hhh M3 npHMepa Bbime) sto 03iia4aeT npiiMemiTb oncpaium k oncpan- 
AaM. ajire6paH4ecKHx Bbipa>xeiniM axo 03iia4aeT, 4 to cna4ajia nyxaio 
npMCBOMTb 3iia4eiiH4 nepeMeHHbiM; Tax nojiy4HTca apn(|)MeTH4ecKoe bw- 
pawemie, KOTOpoe Tenepb Moxcer 6bixb Bbnnicjieuo o6bi4iibiM ciioco 6 om. 

I<a3ajiocb 6bi, HH4ero cjioxaioro. Ho AaBaiixc ne 6y/ieM Topoiimboi; 
iiaM HyxceH ajiropuTM, xoTopbin no3BOJiHT BM4HCJiaTb api[(|)Merii4ecKiie 
BbipaaceiuiH aBT0MaTH4ecxH, t. e. iia KOMnbiOTepe. M box tvt iiaMimaiorca 

upo6jieMbi. PaccMOTpHM mx no nopaaxy. 

Ham nepBbiM npniuep (t. e. 1+2), 6eccnopno, ripocT. Ero CTpyxrypa 
3JieMeiiTapna nacTOJibKO, nacxojibxo 3 to bo 3 mo>kiio. Ho y>xe Biopoii 
npMMep ne Taxon. M npM4Hiia b tom, 4X0 yMiioHceime jxojdkuo 6i>n b Bbi- 
iiojmeHO npe>KAe cjioacenHH. IIpHiinTO roBOpMTb, mto yMiio>Keiiiie hmcci 
6ojiee BbicoxHM npuopumem, 4eM cvio>xeiiiie. To ecxb 4eM Bbiuie iipuopn- 
Ter apM^MCTHHecKoft onepamm. tcm paubiueaxaonepaiwa AOAJKHa6bixb 
npiiMeiiena k cboi.m onepaiwaM. Ht 3 k, BTopoii npmiep aojokcu 6biTb obi- 
HUCJieH T3K: yMiioaciiTb 2 na 3 (b peay/ibraxe no/iyu.ixca 6), a y*e iioc.ae 
npn6aBiiTb eflHHMuy. Ec.au *e Mb. xoxe jiu cv.e/ian, ui.aue - cjioaotxb 1 u 2, 
a noTOM yMi.WKHTb pcayjibxar na 3, to axo neo6xoAHMO on.icarb anno, nc- 

uoabaya cko6kh (cm. TpeTiiii npiiMep). 

[Jpuopwnembt ochodhux aputpMemuuecKux onepanuu onua,mammon 
npoem mm npaowtOM. a omcymcmeue ckoSok onepamm y.wioxenun () 
udeJienuM (/) dojiMUM m>mojm>imnc» paHbiue onepau,uu aioxemm ( J 
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u Gbmumanusi (-). Mnaue touopn, npuopumem onepayuu yMHoweuuji u de- 
Jienux Gbtiue npuopumema onepau,uu aioncemisi u Gbiuumanust. Rnn uzue- 
neiwx nopndKQ Qbinojinenusi aiedyem ucnojib30Gamb ckooku. Cqmu cko6ku 
onepaxpxsiMu ne MJisuomcsi, no onusnom na nopndoK obmucnenuu. 

Cjicma «6ojibiue», «MeHbiue», «Bbime» h «nn>Ke>> npaBiiabiio omicbi- 
BaiOT CMbicji noiiHTiifi npnopiiTeTa, iio hm neo6xo;niMo npii/uiTb oojiee 
TOMHbie 3 HaHeiiH 5 I. 

Ha3naHiiM Ka>KAon H3 onepaunii neKoropoe uncaoBoe 3iiaMeiiiie, ko- 
Topoe 6yueT xapaKTepH30BaTb ee npnopiiTeT. l Icm Bbime npnopiiTeT, tcm 
6oAbinee uncaoBoe 3HaneHHe e\iy npunncaiio. Bot cooTBeTCTByioman 

Ta6jinna npnopHTeTOB: 


JleKceMa 

npnopnTeT 

+, - 

5 

V 

10 


MncJiOBbie 3Ha4einin npnopHTeTOB Mory r 6biTb Jiio6biMn; Baacno roab- 
ko, MTo6bi onepaunn yMiiojKennn n Aeaemin iiMean 6oaee BbicoKoe 311 a- 
uenne npnopnTeTa, 4e\i onepaunn caojKennn n BbiuiiTaiuoi. B 3Toii ne- 
6oabwoii Ta6jinue ecTb Koe-Kai<ne «cTpannocTn», no cenuac mm co Bceiu 
pa36epeMCH no nopauKy. 

Ilpe>KAe Bcero n3 TaOanijbi caeayeT, 4T0 apnc^MemnecKne onepaunn 
caoKenna n BbiunTannn nMeiOT OAimaKOBbiii npnopnTeT, paBiibrii 5; oue- 
paunn yMiiojKeunn n Aeaennn nMeiOT oannaKOBbin npnopirrcT, paBiibiii 
10. Tai< Kai<, o 4 eBnuno, 5 Meiibiue 10, to onepaunn cjioaaunui n Bbiun- 


xauun uoJiauibi BbinoaiuiTbcn nocac onepaunii yMuojKeuiui n ueaennn. 
Ho naM ny>Kuo yuecTb eiuc n cico6kh. Cko6kii, Koneuno, iic omocaica 
k apn(J)MeTH4ecKUM onepaunnM, no oun Baiunor na riopAAOK Bbiuncae- 


unit. Hnorua cko6kii noae 3 iio paccMaTpiiBaib Kai< iickiic nceBuooriepa- 
umi u na 3 iia 4 HTb hm npnopiiTeT (Menbuinn, ucm y o 6 i>i 4 iibix onepaunii), 
no Mbi ne craneM ycaojKiuiTb n yuTCM BJiuniine cko6ok b aaropirrMC, 
o kotopom pe 4 b nonaeTuaJiee. OnepaiiAbi (micaa n nepeMeHHbie) nrpaioT 
b onpeAeaenuoM cMbicae «naccnBiiyio» poab, uooroMy oun ne BicaioMeiibi 

u xa6Jinny npnopHTeTOB. 

rioiiHTiio, uto 3 Ta TaOanua noi<a nncKoabKO ne noMoraa naM b nonn- 
Maiiiin TOTO, Kai< BbiuncanTb apH(|)MeTH 4 eci<ne BbipaHCcmni. B MacTiiocm, 
HeaciibiM ocTaeToi nonuTiie «a ei<ccMa» 3rd na cawoM aeae upocioc no- 
HHTiie, no ;yiH 3 Toro naM npHACTcn KOcnyTbcn repMUiioaonui na ooaac m 

TpaiiCAHUWH MJbiKOD nporpaMMiipouaunn. 
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Hauia 3adaua , uecMompu no ee «uiKOJibuoe npoucxojicdenue », umccw 
caMoe Henocpedcmoewtoe omuomeuue k cjiomhou u gomuou me.)te mpanc- 
Jistyua n3bihOG npoipaMMupoQauun , m. e. k npeo6pa30oanwo npotpaMM, 
nanucanubix ua kokom-jiu6o u3biKe npotpoMMupoGauust, k oudy, npmod- 
uoMy d.isi ucnojiueuusi ua KOMUbiomepe. 3 mo MOJicem 6umb kgk o6bei<rnnbiu 
(doouuHbtu) icod, Henocpedcmoewto nonuMaeMbiu npoyeccopoM, man u tie- 
Komopoe npoMeotcymouHoe npedcmaojienue . BnponeM, mejua mpaucjimyiu 
X3biK06 npozpaMMupoGajiuji uacmojibKo eejiUKa u g o6iu,eM cjiynae c/ioMita, 
umo Mbi 6ydeM ee Kacambcsi Jiuutb g mou cmeneuu, kqkqsi hqm oijdern ne- 
o6xoduMa. 


JleKceMbi - 3to, rpy6o roBopn, ajieMeiiTbi apii(j)MeTHMecKoro hjiii aji- 
re6paiiMecKoro Bbipaxteniifl. Cko6kh, 3iiai<n onepamiii, iiepeMemibie 
m MHCJia - cyTb 3JieMeiiTbi (hjiii cocTaBJiniomiie) Bbipa>Keniui. B KaKOM 6bi 
MecTe Bbipa>KeiiH« ne BCTpeTHJiacb CKobxa, 3iiai< onepaumi, nepcMeiuian 
hjiii hhcjio - Bee ohh 6yjiyT KJiaccH(])iimipoBaiibi i<ai< JieKCCMbi onpe/ic- 
jiemibix TiinoB. MHane roBOpn, roBopn o jiexceMax, Mbi ne AejiaeM pa3jm- 
HHH Me>K/iy HHCJiaMH 1, -88 HJ1H 0 - BCC 3TO KOIIKpeTIIbIC npe/ICTaBIlTeJIH 
jiei<ceMbi «4Hcjio» (number). CoBepiiieimo anajiorinmo riepeMeiiiibie abc, 
value hjih counter omocnTcn k jieicceMe «nepeMeinian» (variable). B no- 
cjieAHeM cjiyuae nepeMemibie abc, value h counter, Konenno jkc, Moryr 
03iia4aTb pa3iibie onepaiuibi, oTJnmaTbcn i<ai< cocraiioM Bxo/mmnx b mix 
CllMBOJIOB, Tai< H AJIHIIOH (COOTBeTCTBeilllO, 1, 5 h 7), IIO Bee OIIII JlBJiniOT- 
cn jieKceMaMH oaiioto Tima, a HMeimo - nepeMemibiMH. 

HacTO iiapnAy c noimTiieM «jieicceMa» ncriojib3ycroi nommie «xo- 
kcii». Xoth, CTporo roBopn, \ie>Kjiy hiimh h cctb pa3Jimimi, no jyui nac 

3Aecb 3 to ne 6y/teT iiMeTb 3iia i ieiiHn. 

HeKOTOpbie JieKceMbi, i<ai< Mbi bujicjiii, oneiib npocTbi n cocron i H3 o/i- 

noro ciiMBOJia (cko6km h 3iiai<H onepamm). Apyrne (nepeMemibie n nnc- 
;ia) MoryT cocTonTb H3 Mno>KecTBa chmbojiob, no Bee nncjia oinocmoi 
k jieKCCNie «miicjio», a nepeMemibie - k jickccmc «riepeMcnna>i». 

ripome roBOpa, JieKceMa - oto i<Jiaccu(l)in<aTop, onucbiBaiomnii, k i<a- 
komv K/iaccy OTiiocinrcn 3JieMeiiTapH<|)MeTH4ecKoro Bbipaxceium. 

06paxiiTe BHHMaime, hto Bee nepeMemibie n bcc uncjia otiiocbtoi 
K cooxBexcTBy iouuim JicKCCNiaM. A BOT cko6kh ( n ) Mbi paaAejiiiM: i<a>K;ion 
H3 mix cooxBexcxByex oTAeJibiia* Jiei<ceMa. Ceibiac, Kouemio, lie ac.o, 
noHCMy Mbi Tax nocxynaeM, no ncKope bbi yBiumre npmnnibi iioAOonoro 


pa3ACJicnuH 




riepeA tcm KUK npiicrynatb k auajmay ii Dbimiuiemno Bbipaaccmm, 
uaM np.meTCH etne pas o6par.rn.oi k TcpMimo.-.orun, ..cMOjn.aycMo.i.» oO- 
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JiacTH TpancjwuHii H3MK0B nporpaMMupoBamia. 3 to tcm 6o;iee ueo6\o- 

;uimo, mvo b nocjieayiouuix paa/tejiax 3Ta TepMMiiojionw OKa>KCToi na.M 

nojie3HOH. 

npHBbiMiibiii bccm na\i co uiKOJibi cnoco6 3amicii BbipaaceiiHH b bii/ic 
a+b, b kotopom 3HaK onepamni ctoht Mejicdy onepaimaMii, na3biBaeTcn 
ujKpuKCuou (infix) (j)opMoft. On cooTBeTCTByeT cjioBecnoMy Bbipaxceimio 
«a runoc b». Oahsko TaKOH cnocob 3aniicn BbipawennH ne e/umcTBen- 
HbiH h aaace ne caMbift jiynuiwii (no i ie\iy - mw yBiwiM nyTb no 3 Hce). Ecti> 
eme flBa cnocoba 3anncn BbipaaceiiHM. riepBbiH 113 mix - npecpuKciibiu 
(prefix), npH kotopom 3iiai< onepaumi ctoiit neped onepaimaMH, iiaripn- 
Mep (+ a b). Oh cooTBeTCTByeT cjiOBecnoMy Bbipa>Keimio «c;io>KiiTb a 11 b» 
(h, K CJIOBy, B obbIHHOH peHH HMeilHO TaK MbI II TOBOpiIM). npeHMymeCTBO 
npecJ)HKCHOH (J)opMbi 3anncH cpa3y ne ohcbhaho, no n pec|)MKcua>i (|)opMa 
no3BOjmeT 3anHCbiBaTb BbipaHceHHH b Biiue (+ a b c d) (b >i3biKe nporpaM- 
MHpOBaHHH Lisp), t. e. yi<a3biBaTb o^iiy onepaumo h jiio6oc kojiihicctbo 
onepaH^OB; b npuBbimiou hh(})hkchoh (fjopiue 3to >kc Bbipa>Kcime mw 
AOJDKiibi 6biJiii 6bi 3anncaTb icaic a + b + c + d, t. e. Hcnojib30BaTb /ma 
4JIHUIhhx» 3Haxa onepauHH cjiopkchhh. 

Kpyzjibie cko6ku g npedbidyiyeM npimepe lupcuom pojib otpauuuume- 
.neu - ohu yKa3bieaiom naucuio u OKOimanue GbipaDtcenusi. 


Kpowe toto, npecjniKCiiyio cj)opMy b n 3 bii<ax nporpaMMiipoBaiimi 
obbiMiio HMeiOT noAnporpaMMbi; cuanajia yi<a3biBaeTcn hma no/mporpaM- 
Mbi (0110 lirpaeT pojib onepauim), a 3a iihm - cniicox napaMerpou (napa- 
MeTpw nrpaioT pojib onepaimoB). EtoTOMy iict ociiOBamm yTBep>K/iaTb, 
MTO npe([>iiKCiia5i ((jopivia - 3 to iienTO ncKyccTBemioe, ney;io6noe 11 ne- 

3iiaKOMoe. 

Kojib CKOpo MbI y>Ke bhacjih h HiuJuiKcnyio, 11 npe(|)HKCiiyio (l)opMbi, 
to MeTOAOM HCKJiioMeiiHB cjieuyeT 0 >KH 4 aTb, hto /lOJDKiia 6biTb eme o^na 
(j)opMa 3anHCi 1 Bbipaxceiiuft, npw Koropoii 3 iiai< onepaumi cionr not - 
jie onepanAOB. fleftcTBHTeJibiio, raican (popwa aamicn - nocm(puKcmm 
(postfix) c|)opMa - cymccTByeT 11 , 6ojiee Toro, upeflCTaBJineT juih nae oco- 
6 biii HHTepec. Ilpii nocTc|)iiKCnoii (|)opMe 3arincn iipe/u>mymiiii npirnep 

6yAcr 3 anncaH KaK a b +. 


I locrmpuKCuasi (popMa janucu 6buia npednomena a 20-x /odax XX oexo 
noAbCKUM MameMamuKOM Zhom JlyxaceauueM. Hayutibie unmepecw Jly- 
Kaceouua omnocujiucb k MameMcmwnecKOu u cmij Hymen obui uio- 

co6 janucu jioiuneCKUX ypaoneuuu, onuiwumu om mpaduu,uomio/o (a un- 
djUKCHOU (popMe), ide max me mpeOoaajwcb yrnwibioanw npuopumemu 
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3 aAani/i, npi/iBOA 9 ii±ii/ie k cieKy 



Jiozuuecxux one pa nuu u ucnojibsooawb cko6ku d/isi u3MenenuM nops/dxa u.\ 
npuMeneuuji. Ilo3Dice udeu JlyKaceou.ua 6buiu c ycnexoM ucnojib3ooaiibi pa3- 
paComuuxaMu mpancjisimopoo H3b/Koo npozpaMMupooanusi. Beposmmo, ce- 
zodusi npozpaMMucmbi 6onbwe yens/m 3nauuMocnib nocnKpuKC/iou (popMbi 
3anucu f ueM cneyuajiucmu no MameMamuuecKou jiotuKe - ducyuruiuue, ide 


3ma (popMa onepoue nosieujiacb. HocmcpuKcnay/ (popjua si gjim ernes/ oduujt U3 
ocnooubix nousimuu npu peanuoayuu si 3 b/Koo npozpaMMupooauusi. IIu odua 
Kuma no mpancnsimopaM ue o6xodumcsi 6 e 3 mozo, umo6bt o6cydumb cno- 
co6bt nepeooda obipao/cenuu o nocrmpuKcuyio 3anucb. BnpoueM, mym Mb/ ue 
moubKO uecKOjibKo 3a6ezaeM oneped, no u omopzaeMcsi o 06/iacnw, Komopast 
newum necKOJibxo o cmopone om nauiux 3 adau. 


Ilpe>KAe HeM npucrynaTb k oiincanino ajiropuTMa ipaiicjiamm bbi- 

pa>KeHHIl H3 HH(J)HKCIIOH (|)OpMbI B nOCT(|)IIKCliyiO, npiIBCACM UCCKOJIbKO 
npHMepOB, CIia6AHB HX KpaTKHMH KOMMeilTapHHMlI. PaCCMOipiIM Bblpa- 

xcenne 2 + 3*4. Ero 3iiaMeiiHe, i<a k Jierxo BimeTb, paBiio 14. B iioct(|)iikc- 
hom 4>opMe 3 to Bbipa^xeiine 6yAeT BbiniaaeTb Tax: 2 3 4 * + (i<ai< BbiBccTH 
3Ty (j)opMy, h cocTaBJineT cyTb pemeiiiui 3aua4H /laimoro pa3Ae;ia). A tc- 
nepb nocMOTpiiM na Bbipaxceuue (2 + 3) * 4 (ero 3iia4einie paBiio 20). 
B nocT(j)HKCHOH (])0pMe 3 to Bbipaxceime 3aniiiueTCfl Tax: 2 3 + 4*. 

HyTb panbiue Mbi roBopujiH, mto nocT(|)HKCiiaii (|)opMa upe/icTaujoier 
a;ih nac oco6biii Hinepec. 3 to AeiicTBiiTejibiio Tax, h bot noMeMy: 

O b nocT(J)HKCiioH (JjopMe coxpaiiHeTCH Iiopa/IOK cjie/ioBanna onepan- 
AOB, xoth nopa/iOK cjie^oBaniia onepaunii mojkct 6bi rb n n3Meiien; 


O b nocTcJ)HKCHOH c[)opMe neT cico6ok. 3ro roBOpiiT o tom, mto b hoc r- 
(J)HKCHOH (|)OpMe npnopiiTeTbi bccx onepaunii o/utnaKOBbi (aaoc- 
ran necKOJibKO BiiepeA, mo>kho ci<a3aTb, mto b nocT(l>i ikci ion (|)opMC 
npHOpiiTeTbi onepaunii boo6luc ue iimciot 3iiaMeinw); 

O Bbipa>KeHMe b nocTc|)iiKCiioii (|)0pMe Moacer 6i>n b BbiMiicjicuo nyre.M 
OAHOKpaTiioro npocMOTpa nocT(|)MKcnou 3anucn CJiena nanpaBO 
(3TO yTBep>KAeHiie noi<a mbi npiiMCM 11 a Bcpy, t. k. eme nc oocv>k- 
Aajin, Kax HMeiino npou3BOAHTca caMO BbiMucJienue). 
npu Bceii ueoObiMiiocTH nocT(|)HKCHan (|)opMa 3 am icn oojiayiac r onpc- 
AeJie.iiibiM n3HmecTBOM: ona ciporo jimieiina 11 ue «npepi>iuaerc>i» cko6- 
K3MH, 6C3 KOTopbix b hikJjhkcuoh <l>opMc o6oim.cb b o6ihcm cjiymie, yBbl, 
HeBOSMOXCHO. 3a6eraa B.iepe/1, ciourcm eme, hto nocT(l)iiKCHa}i (|>opMa 
Hfleaiibiio npncuoco6jiena ansi Bbmi.cj.eHHH ..a KOMtibioTcpc. 

A Tenepb Mbi ormmeM aj.ropi.TM TpaHommni Bbipaaceimu ..3 "» l l ,IIK * 
„ou (J)0 P Mbi B nocT(J)HKCHyio. Aj.rop.n-M 6yner uinoKeii 
(BiiponeM, coM.mrej.bUO, hto ero aa.u.cb .. <l)0 P Maj...30BaH.,0M mine cno 
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co6cTBouajia 6bi 6o;iee flCHOMy noiiHMaiinio). nocvic ototo mm no/ipoo- 
uo paa6epeM necKOJibico npHMepoB, KOTopbie, mm lia/ieeMca, no.niiocTbio 

CMHMyT BCC COMlieHHH B KOppeKTHOCTH aJIFOpiITMa H ero npaKTimeCKOH 

UeHHOCTH. 

Onacaacb HacKynuTb, Bee ace BepiieMCfl eme pa3 k npMMepy a + b * c. 
Oh, OHeBHAno, BbiHiicjmeTcn Taic: yMiio>KHTb b h c, 3 areM cjioauiTb pe3yjib- 
TaT c a. Hac ceimac miTepecyeT cjiobo «3aTeM». BbipaxceiiHe CHHTMBaeTcn 
cjieBa HanpaBO, w nepeMeHHan a CMiiTbiBaerai nepBori. Xorn riepeMeniian 
a b 3ariHCH BbipaaceHHH noHBJineTcn paiibine nepeMemibix b h c, ncnojib- 
3yeTCH ona no3>Ke Bcex. IlocJieflHeH onepamieii HBjmeTcn cjio>Keiiiie. 3iy 
onepauHio (t. e. cjioxceHHe +) iiymio iia BpeMn «npH/icp>KaTb» b 3anacc. 
M xoth mm npHMenweM He CTporyio TepMHiiojionno, 3Ta TepMimojionm 
AaeT HaM onpeaejieHHbiH naMex iia to, me AOJDKiia xpaiiHTbcn onepamm. 
Kopone roBOpn, a He npwroAHTCH jim naw h TyT nam y>ne xopownii 3iiaKO- 
MbiH - CTeK? Haao nonpoboBam.. 

HTaK, naM noTpebyeTca ctck. B cieice mm 6yaeM xpamiTb ci<o6kh 
h ciiMBOJibi onepauHH. 3 tot CTeic 6y/xeT na3MBaTbcn cmexoM onepau,uu. 
OnepaiwoB BbipaaceHnii (t. e. miceji h nepeMemibix) b cieice onepamm 

ue 6yaeT. 


AnropuTM TpaHcnflumi BbipaweHMM 

BxoAHan cTpoica, npeACTaBJimoman co6oh Bbipa>Kenne (apii(l)MeTH i ieci<oe 
iijin ajire6panMecKoe) b hhcJhikchoh (|)opMe, cKainipycTca cjiena nanpaBO. 
no Mepe cKaHiipoBaiiHH bo bxoaiioh CTpoxe BbmejmiOTcm jickccmm. Ecjih 
onepeAHOH Bbm&neHHoff Jiei<ceMoii JiBjmeTcn nepeMeimaa ium mhcjio 
(t e. onepaim), ohh cpa3y >xe 3anncbiBaiOTcn b Bbixo/myio CTpoxy ( 11311 a- 
najibiio nycTyio). Ecjih BCTpenaeTcn jicKceMa, cooTBCTCTByioinaji KaKOwy- 
jih6o 3 iiaKy onepamm hjim cko6kc, to ona aiiajinsiipycTca no cvie/iyio- 


iuhm npaBiuiaM. 

O ecJiH CTeK onepamift nycT, to onepamm nporajiKiiBacTca u ctck; 

npoAOJi^ceime cKaimpoBaHHH bxoaiiom crpoiai; 

O ecJiH CTeK onepamiii ue nycT, to cpaBiiiiBaiOTca npiiopiiTerbi re- 


Kymeii (TOJibKO 4TO obnapyweimon) onepamm n onepamiii ua 
Bepuume cTeKa. 3;iecb B03M0>Kiibi ;ma cjiynan: 1) npnopnTeT 
onepamm na Bepimme CTei<a imace hjih paiien iipnopn rcry reuy- 
meii onepamm (cKaweM, na Bepimme arena jiokiit +, a TCKymaa 
onepamm *). Toma Tei<yma>i onepamm iipoTajiKimacToi b ctck, 
ii 2) npnopineT onepamm na Be^mme ctck a manic npnopmcia 
reicymeft onepamm (iianpiiMep, na Bepimme crena jiok.it .a ic- 
KymaH onepamm +), roma BbirajiKiinaeM i.3 cre.<a onepamm net 
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3aAaHn, npi/iB0A9iiui/ie k CTeKy 



onepamui, Heft npHopmeT Bbime ripnopiiTCTa rcKvmcii oncpamm 
Flocjie 3Toro npoTajiKiiuaeM b ctck Tcicymyio onepamno n npoAo.'i- 
>Kae\i CKanupoBaniie bxoaiioh cipoicii; 

O BO BXOAHOH CTpOKe BCTpeTHJiaCb JieBafl CKo6l<a. ripOTOAKnyTb cc 
b CTeK onepauiiH h npoAOJDKiiTb CKamipoBaime BxoAiioii c rpoKii; 
O bo bxoahoh CTpoKe BCTpeTiuiacb npaBa>i cKo6i<a. OrbpociiTb ary 
CKo6Ky (t. e. ne npoTa/iKiiBaTb ee b ctck h lie 3anncbiBaTb b bw- 
xoAHyio CTpoxy) h Bbirpy3MTb H3 deKa onepamui b Bbixo/uiyio 
CTpoicy Bee onepamui BnjiOTb ao JieBoii cko6kii, no ne BKJiionaA ec. 
OT6pociiTb jieByio ci<o6Ky h npoAOJDKHXb CKamipoBaime bxoaiioh 

CTpOKH; 

O ecjin AOCTiimyT Konen bxoahoh cxpOKii, to BbiroAKiiyTb 113 cxeiai 
onepaimn Bee ocTaBinnecn onepamni b BbixoAiiyio cxpoxy 11 ocxa- 

HOBIlTbCfl. 

AjirOpilTM H3-3a CBOeil MHOrOCAOBIIOCTII BbirAAAHT IieCKOJIbKO rpo- 
M03AK0. Ho AaBanie obpaTHMcn k npriMepaM n pa36epeM nx mar 3a maroM. 


IlpHMep 1: a + b 


CTeK onepauuM 

MH 4 )MKCHan (J)opMa 

riocTcpMKCHan cpopMa 

i- 

a + b 


i- 

+ b 

a 

j- + 

b _ 

_a_ 

i ♦ 


a b 

i_ 


ab + 


npll TpailCJiaUHH BbipaXCeHWH M3 MII(|)HKC1I0H (|)OpMbI B nOCT(|)IIKCIiyiO 
yAobiio 3aiiHCbiBaTb Bee aiaiibi ajiropriTMa xpauc/miniii b Tabjnme, coc- 
Tomueii 113 xpex kojiohok. B nepBoii oTpa>i<cno cocTonime c rexa oncpa- 
min, bo BTOpoii - erne ne o6pa6oxaiuiaM wacTb ncxoAiioro Bbipa>Kenim 
b iui(])iiKCiion c|)OpMe (BXOAnaa c rpoiai), 11 , iiaKOiien, b rpexbcii - bmxoa- 

na a CTpOKa b nocTclniKCiioft (|>opMe. 

H ro 3ACCb npoMCXOAHT? CuaMajia CHHTbiBaeTC* nepcMemia>i a. Ona, 

conaacito aJiropiiTiviy, cpa3y >Ke nonaAaex b BbixoAHyio crpoxy. 3aie\i cmi- 
rbiuaexcB oriepamiH c;io>Keinm (+)• Ctck onepamui nycx, n a ra oriepamm 
HeMe/yiemio upoTaJiKiiBaeTC* b ctck. noxoM CMHTbiBaexca nepcMeunaH 
b u c pa3v >kc aanncbiBacToi b BbixoAiiyio CTpoKy. Tenepb bcb BxoAiia>i 
CipoKa npOMinaua. M u cooTBeTCTBim c nocjieAmiM nyiiKTOM ajiropimia 

„3 creica onepaiw® BbmuiKHBaeTca bcc ero coAep^nMoe, x. e. b AamioM 

cjiv'tae - OAiia oncpamia ^ , 

3tot npiiNiep iiacroju-KO npocT, '.to ero mojkho 6b... ne on. cw- 

uaTi. tbk noApo6..o, Ho nona Mb. toj.i.ko yh.imoi, .. uanwa i> acjzjn.no 





















KOMasi 




BocnpoiuBCAcmm paooTbi suiropiiTMa Tpaiic.iniuin hccomikiiiui IVncpi. 

paCCMOTpHM MVTb 6 o.iee CJIOKlIblft npilMCp. 


npMMcp 2 : a + h - c 



3flecb npnopiiTeT y onepamni cjio>Kcinni raKoii ;*e. kuk \ onepamni 
BbiHHTanHfl, noaTOMy onepamni iiaKan/ntBaiOTCfl b ctckc. OopaTiuc biiii- 
MaHHe Ha to, mto nopn;iOK onepan/iOB u Bbixo/moii cipoKc couiuuaci 
c nopH^KOM onepaiiAOB b hcxo/uiom BbipavKenmi, a bot iiopjuoh onepa- 
UHH H3MeHHJlCH. TeilCpb paCCMOTpHM IipilMCp HOC. 10/KIICC c onepamm- 
MH pa3HbIX npHOpHTeTOB. 


IlpHMep 3: a * b + c 



TyT onpeAeJienno ecTb Koe-HTO iioBeiibKoe, u c btiim c.ie,/iyei aukypamo 

pa 3 o 6 paTbCH. noimajiy bcc wieT, i<aK h b ripe/ibi/iyunix iipmuepax: b ctck 
npOTaJiKHBaeTca onepamni *, a b Bbixofliiyio crpoiyy aamicbiBaiorcM nepc- 
Memibie a H b (CTPOKH c 1 no 4 Ta&iHUU). 3arcM cmiTbrnacTC* onepamni 
+. npnopiiTeT onepauHH cjiojKeiuw HH*e npnopu rcTa onepaiimi iia uc p- 
niHiie CTCKa (t. e. onepamni yMHOKemw). B cooTBeTCTBini c anropm mom 
onepamw yMiioxceiiHa * BWTaJiKM BacrcH H3 crcca n aamicbinaeroi bbw- 
xoAnyio cTpoxy, a onepamni cjio>KeHHa +, nanpoTHB, aanoMHiiaerca 
Ke (cTpoi<H 5 H 6). HaKOiieu, Mbi cHHTWBacM ocxaTOK uwpattemifl 
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3 aA 8 HM, npi/)BOA91LLil/ie K CTeKy 


(JniKCHOM c})OpMe H ([)OpMIipyeM BblXOAIiyiO CTpOKy U noCT(|)IIKCHOli (|)Op,MC. 

flaBaHTe H3M6HHM 3tot npiiMep h nocMOTpiiM, i<ai< Tencpi, 6y/ter hath 

TpancjiBmia. 


npiiMep 4 : a + b * c 



nojiyMeimaH nocTcj)HKcnaH (])opMa yace cobccm mian, new b npeAbiAy- 
meM npHMepe. flaBawTe npoanajiH3HpyeM, mto TyT upoHcxo/u-iT. Cnana- 
Jia H/jeT 3naKOMan iiaM y>Ke nocAeAOBaTe;ibiiocTb AencTBirii (ctpokii c 1 
no 3). IIotom Mbi BCTpenaeM onepamno yMiiOKeinoi (*) n cpaBiiiiBae\i 
ee npnopHTeT c npnopHTeTOM onepamin na Bepmmie CTCKa onepamin. 
OMeBHAHO, mto npnopHTeT onepauHii * Bbiine npnopHTCTa onepamin +, 
ii Mbi, corjiacuo ajiropHTMy, npoTajiKiiBaeM * b ctck onepamin (cipoicn 
4 n 5 Ta6jinubi). 3aTeM Mbi cniiTbmaeM nepeMeniiyio (c) n nepenociiM ce 
B BblXOAIiyiO CTpOKy. n p II 3TOM Mbi AOXOAHM AO KOMUa BXOAHOli CTpOKIl 11, 
corAacno aAropuTMy TpaiiCAamm, BbiTajiKHBaeM 113 creKa onepamin bcc 

ero 3AeMeHTbi, nanwnaa c Bepinmibi. 

Bo ocex 3 thx npiiMepax mbi ne HcnoAb 30 Bajin ckoook. Flopa riocMoi- 

peTb, KaK 6yACT paboTaTb ajiropimi npn najiiiMini ckoook. 


npiiMep 5: (a + b) * c 
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Pa36epeM stot npiiMep noApo6nee, mcm npe/jbmymne, t. k. b hcm or- 
pa)K<aeTCH bch cyTb aAropimia TpaHCJinuiiH. 

M3naMajibiio ctck onepauHH nycr (cTpoi<a 1). 3btcm (crpoKa 2) Mb i 
CMHTbiBaeM jieByio cko6ky. B cootbctctbhh c a;iropiiTMOM jieBan cKo6i<a 
npoTajiKHBaeTCH b ctck onepauHH. Hmae\i (cxpoi<a 3) nepeMcimyio n nc- 
Me/yienno nepeHOCHM ee b BbixoAiiyio CTpoicy. 

Tenepb Mbi aouijih ao nepBoii HacTOfimen apn(])MCTH4ccK0H oncpamm 
(cTpoi<a 4). IIpoTajiKHBaeM, i<ai< h npeAnucano ajiropHTMOM rpancjui- 
Uhh, 3Ty onepaumo b ctck. 3aTeM (cipona 5) hact nepcMcmiaa b, ko- 
Topan cpa3y xce nepenocHTca b BbixoAiiyio CTpoicy. Ha 3 tom aianc y iiac 
ocTajiacb nenpoHHTaHHOH nacTb bxoahoh ctpokh, a hmciiiio ) * c. HirraeM 
CTieAyiomyio jieicceMy h o6iiapy>KHBaeM, hto 3to npaBan cKobica (dpo- 
Ka 6). 06paTHMca k aJiropHTMy TpancjiAUHii. H 3 nero cjieAycr, hto naM 

Iiy>KIIO OT6pOCHTb 3Ty CI<o6l<y H Bbirpy3HTb B BblXOAHyiO CTpoxy 113 cTei<a 
onepauHH Bee onepaunii, naHnnaA c Bepmiiiibi ciexa h ao JieBoii ckookii. 
Caiviy AeByio CKo6Ky Mbi ne Bbirpy>KaeM, a npocTO oTopacbiBaeM i<ai< yxce 
neny>KHyio. Hy a AaAbiue - yxce 3naKOMaA naM no npeAbiAymiiM npHMe- 
paM nocAeAOBaTeAbiiocTb achctbhh (ctpokh c 7 no 9). 

flaBawTe nopaccy>KAaeM - hto hoboto biiccah b coctobiiiic ctckb ckoo¬ 
kii? JleBan CKobKa CAy>KiiT CBoero poAa 6apbepoM A-'m naKonjieiina one¬ 
pauHH. npaBcW ci<o6Ka cnyxcHT jij m toio, l iTo6bi b nyxaibin momchit bbi- 
rpy3HTb H3 CTeKa naKonjieinibie onepamni h cinrrb 6apbep, o6pa30Bannbin 
jicboh cko6koh. HecJ)opMaJibHO roBOpa, JieBaa CKo6i<a cjiyxaiT npyaoinon, 
KOTopan OKMMaeTCA noA «bccom» onepaxopoB, a npaBaa - cnycKOBbiM 
KpiOHKOM, ocBo6o>KAaiomHM npy>Kiiny iiocjic nero iiaKonAemibie nocvic^e- 
Boii cko6kh onepaTopbi BbiTajiKimaioTcn b BbixoAiiyio cTpoi<y. Ca.\ia jicoaa 
CKo6Ka 0T6pacbiBaeTca: ona Bbinojiinuia cboio pojib n 60/ibiue ne nyxcna. 

HTo6bi OKOiiMaTejibiio 3aKpeniiTb naBbiKii ncno;ib30BaniiM ajiropiiTMa 
TpancjiHiuiH Bbipa>K6HHM H3 HH([)HKcnoH (|)opMbi b nocT(()iiKCnyio, pac- 
CMOTpiiM eme oahu npHMep, b kotopom Mbi ne 6yACM y>Ke noApobno orm- 
CbiBaTb Bee mam, ocTamiB hx b KanecTBe ynpaxcnenna. 


IlpHMep 6: (a + b *c)/(d - e) 
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I CTeKonepaMMM 

HH(|)MKCHaa (JjopMa 

nocTcfjMKCHaH (bopMa 

1 

/(d-e) 

a b c * + 

/ 

(d-e) 

a b c * + 

1 / ( 

d-e) 

a b c * + 

_ 

-e) 

a b c * + d 

[US.: 

e) 

a b c * + d 

p/ ( - 

) 

a b c * + d e 

li_ 


a b c * + d e - / 


3a6aBH0 nabaioAaxb, i<ai< no \iepe coKpameuiia ociaTKa iicxoztiioro bi>i- 
paaceHHH b hh(J)hkciiom (J)opMe pacxeT Bbixo/uiaa c rpoica, npe/icxaBaaio- 
maa co 6 oh BbipaaceiiHe b nocT(|)HKCiioii c])opMe. 

B 3aiuiiOMeHne BepiieMca k Ta6jinue npnopiixexoB 11 paccMoxpiiM, Kaic 
3xa Ta 6 jinua moikgx 6biTb pacniiipena, ecan neobxo/uiMo bbcctii b nee 110- 
Bbie onepauHH. IlycTb b Aonojineiine k y>Ke HweiomHwca onepaunaM Mbi 
xothm o 6 pa 6 aTbmaTb onepaumo B03BeAeima b cierieiib « A ». M3 micoab- 
hoh aare 6 pbi mm iiomhhm, hto oriepamia A /loaaaia Bbinoanaxbca paiibiue 
Bcex Apyrnx onepaunn, n noaxoMy xabaima npnopiixexoB iipiiobpexaex 
cae,ziyiomHH bha: 


JleKceMa 

npnopmeT 

+ J " 

5 

/ 

10 

A 

15 


AaropnxM xpancaannn ocxaexca xeM >xe caMbiM. Bor icaic 6yaex 06- 
pa6axbiBaxbca Bbipaxceime a + b * c A d (nan a + (b s (c A d)) b (|)0pMe 
c HBiibiM yKa3anneM nopa/ixa BbiaHcaennn: 




































































































CTeK KBK BbIHMCAl/ITeAbHOe yCTpOMCTBO ♦> 67 


Eme pa3 Mbi bhahm, mto b iioct(|)hkchoh (|>opMc 3amicii Bbipa>Kcmm 
nop^AOK oncpanAOB ocTajica HeH3MeHHbi\i n nopaaoK onepamiH h3mo- 

HMJlCa B COOTBeTCTBHII C HX npHOpHTCTaMH. 


/Jjih Hero noTpe6oBajincb Tai<a>i 6ojibiuaa pa6oTa h raKoii ncnpocToii 
ajiropiiTM TpancjiHUHH? Heyxcejin JiHiiib jxjm Toro, 4to6m noicaaaTb bo 3 - 
MO)KHOCTb 3anHCH BblpaHCCHUH B nOCT(])HKCHOH (])OpMC? KOHCMIIO >Ke HCT. 
B cjieAyiomeM pa3Ae;ie mbi noroBopuM o tom, kbk bmmhcjihiotch Bbipa>Kc- 
hhh b nocx(J)HKCHOM (j)opMe. A ceiiMac, j \ j \5[ 3aKpen/ieiiiia naBbiKOB rpanc- 


JIHUHH Bbipa^CeHHH H3 HH(|)MKCIIOH (J)OpMbl B nOCT(|)HKCIiyiO, Mbi IlpeA- 
jiaraeM caMOCTOMTejibiio npiiAyMaTb neci<o;ibKo npiiMepoB (mcm 6ojibiiie, 
TeM Jiymue) h noynpaxaiMTbCH b hx TpaiicjiHunn. 

M nocjieAnee, ho 3iiaMHTe;ibiioe 3aMeMainie. ripiiBeAeiiiibiii Bbime a/i- 


ropHTM TpancjiHUHH lie «yMeeT» o6pa6aTbiBaTb oiuii6kh b Bbipa>Keinoix 
(Mbi ne CTajiH BK^ionaTb b nero o6pa6oTicy ouih6ok, i uo6bi 3 a stoh 06- 
pa6oTKoii He HCMe3;ia cyTb ajiropHTMa Tpaiicjiamui Bbipa>KeiiHH). Bor 
npuMepbi Tai<HX oiiinboMiibix Bbipa>KeiiHH: a+b/* h (a+)*b. Hto ny>Kiio 
npeAHpHHflTb, ecjin nonbuaTbca npHMeiniTb ajiropiiTM Tpancjummi k Ta- 
khm BbipaxceiniMM? OneBHAHO, mto AOJi>Kna 6biTb 3a(J)Hi<ciipoBana 0111116- 
Ka Tpancji5iUMH. /lonojiiiHTe ajiropiiTM Tpaiicjnmnii cooTBeTCTByiomiiMH 
bo3mo>khocthmh h npoBepbTe ero 11 a npiiMepax. 


CTeK K3K BblHUCAMTeAbHOe yCTpOMCTBO 


B 3TOM neboJibuioM pa3Ae./ie Mbi noroBopuM o tom, mto bo3mo>kiioctii 
cieKa He orpaiiHMHBaioTCH JiHiiib xpaiieniieM Aamibix; creic mo>kct 6 b itl 
HCiio;ib30Baii h b KaMecTBe BbiMucjniTe^biioro ycTpoiicxBa. B cvie/iyiomcM 
pa3Ae^e Mbi ormiiieM Tai<oe BbiMHCJiHTejibiioe ycTponcTBo - neoojibiuyio 
CTeKOByio MauiHHy, a noi<a AaBaiiTe BcnoMiniM, icaK Mbi ncriojib30Bajni 

CTeK ao chx nop. 


Bo Bcex 3aAaMax, Koropbie Mbi pemajiH npe>KAC, ctgk ncno/ib30Bajica 
BecbMa o/inoo6pa.3iio: Mbi mto-to npoTaJiKHBajm b uero (cko6kh, aape- 
ca BO3BpaT0B, onepaumi) n mto-to Bbira-TKUBa.'iH. Ctck ncnpaBiio cny- 
jkiw MecTOM xpanemiB nml>opMaunn b cooTBercTBiin c ahcuhiuihuoiI 
LIFO. HiiKaKHx HHbix (pyiiKuiiii ctck ne BbinoaiUM. IIo OKa 3 bmaeTca, 
MTO B03MOXOIOCT11 creica lie orpamiMiiBaioTCJi to.il, ko jniiLib xpaiieniieM 
umbopMaumi; ctck «cnoco6en» na neMTO 6ojibiuee: on mojkct Bbinoaimrb 
tbyiiKUiin BbiMHCjiHTeJibitoro ycTpoiiCTBa. Cpa3y >kc oroiiopiiMOi, mto can 
no ce6e ctck ne cnoco6eu nn duia/ibrnan,, mi ;ie;mri,. Ho on «Mo>KeT» 
ACJiaib UCMTO apyroe. Hto6m tionaib, kbk crex mojkct 6birb ucnoabso- 
uan B 3TOM KaMecTBe, AaBauTe nepneMca ^auoMy us npi.McpoB, Koropi .111 
paccMa rpnBajicH naMH b paa/ieae o xpaneamimi Bbipaacemni. 
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* 3 aA 8 Hl/l, npi/IBOA 91 LLit/lg K CTeKy 


HanoMHHM, mto TaM Mbi npeo6pa30Bajui Bbipaaceiuie (a + b * c)/(d - 

e) b HH(J)HKCHOH (l)opMe k 3KBiiBajieuTiioMy Bbipa>Kemuo b hoc r(l)iiKcnoik 

(J)opMe abc*- + de-/. 

Ho Tor^a Mbi He o6cy>KAajiH Bonpoca, am .i Hero mm 3 to Aejia/m. Boikoc 
AeucTBHe HMeeT cmmcji Jiniiib Tor/ja, Kor/ja npnjio>KeiiHbie yciijina mcm-to 
KOM neHCHpyioTCH. Ychjihh 6bijni ueMajiciibKHMH. Hto >Ke Mbi ripnobpcTa- 
eM, nojiyMHB nocTcJ)HKCHyio (})opMy? 

OKa3biBaeTca, nocT(J)HKcnaa c|)opMa MoxceT 6bifb onerib ajieraimio bm- 
MHCJiena c noMombio CTena. TojibKO na stot pa3 b ctckc 6yjiyj xpaiiHTbcn 
onepanAbi onepauHH, a He onepamm. Cootbctctbciiiio 3TOMy 6y;ieM 11 a- 
3bIBaTb TaKOH CTeK CTJieKOM OtiepaildoG. BblHIICJieHHe npOHCXO/HIT no cjie- 
AyioiueMy oneiib npocTOMy ajiropHTMy: 

O ecjiH bo BxoflHOH cTpoice, npe/tcTaBJiaiomeii iiocTcfmKcnyio 3aiinci> 
BbipaaceHHH, BCTpenaeTca onepaim, to on npoTajiKiiBacTcn b ctck; 
KOJiHHecTBO ajieMeiiTOB b ctckc (hjiii npomc - r.ayouna cTcica) yBe- 
jiHHHBaeTca na oahh 3jicmciit; 

O ecjiH bo BXOflHOH cTpOKe BCTpeMaeTCH oricpanna, ona b MTajiKiiBacT 
H3 CTeKa onepaHAOB jx Ba Bepximx 3JicMCiiTa, npiiMcnacr k iiiim one- 
paunio h noJiyneiiHbiH pe3yjibTaT npoTajiKimaer b ctck (nocvic mcto 
niybHHa CTeKa yMeiibinaeTca na o/um 3JieMeiiT). 

Ha npHNiepe, Koiieniio, 3 to bhaho JiyMine. JX onycTHM, Mbi xothm bmhiic- 
jiHTb nocjie/iHee Bbipa>KeHHe b iioct([)hkciioh (|)OpMe. J\nn onpc/ie;ieiino- 
CTH nojio>KHM a = 7, b = 4, c = 2, d = 11, e = 6. Tpa/umnoiiiiaa mi(|)HKcna>i 
3anncb, nocjie 3aMeiibi nepeMemibix iix 3HaMeiniaMii, aaex Bbipa>KCime 
(7 + 4 * 2)/(l 1 - 6), KOTopoe BbinucjiacTca b 3. A mto abct riocT(j)iiKcna^i 
3anwcb? PaccMOTpnM rioc;ieAOBaTCJibiio, i<ai< oyACT b otom cjiynac hath 
npouecc BbiHHCJieiiHH: 


CTeK 

1 7 
7 4 
7 4 2 
7 8 
15 

15 11 
15 11 6 
15 5 
3 


HenpoHmaHHafl nacTb 
742*+ 11 6-/ 

4 2 * + 11 6 - / 

2 * + 11 6 - / 

* + 11 6 - / 

+ 11 6 - / 

11 6 - / 

6 - / 

- / 

/ 


HO OKOHHailHll BblMHCJICHIIH 

laKOH, KaKOii uyHceii. Hrai<, mi»i 


b crcKC^craJica pc3y.'ibraT, n iiMeimo 
o 6 napy>KHAH cine o;uiy nojic3iiyio oto- 
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WHMOCTb CTPKI, 9 IIMCIIIIO CTCK, OKBSUKICTCX, lipimvifll m tuu k > 

TP*]fCJ!3ltlHH BbipaXCIUlfl, IIO It ,vw MblMMC.lCHIHI 

Siht* KOK U pOHbUIC, He OKJfOUae.U 0 (Lliopurnu of/fxi'+trrh'.j 
u ni>C()nawtae.u % wmo cmeK danttbix cwk'pxcum ueofi.mtuMt* kowh< "• « 
oncpandoe. Ecjiu, nanpimcp, neped obino.mniue.u .ipo6ou uj *mu\ onrpa - 
Huu o cmcKC item docmamouiio/o Koiuuecmm onepandoo (in. HanaumLH. 
doutoio 6tumb tie Mcnbiue doux), mo nontumha etunavmmb otu txiuuto nnu- 
eeoem k oiuu6kc. 06biutio wqkuc npooepKu pediiui/fomi m n/w/>a.u.v/er*i/ 
ctioco6om. 


3Ta oco6einiocTb CTena (|)yn,ia.MciiTa_ibMa Kpmu roro. on.t iouum- 
eT OMeiib npocTyio peanH3auiiio. H paten imcckii ucc Tpanc urmptu hjukoh 
nporpaMMupoBaiiHH npco6pa3yioT BbipaxetiiiJi iu iiii<|>hki non e{x>p\iN 
b nocTcfjHKCHyio, nocjie Mcro «ncpeAaioT* naiy'iemibiH pcMy.ibrar ctckn 

JV IB BblHHCJieHHfl. 

JX a>Ke ecjin 6bi bo3.mo>kiioctii ctckd to.h»ko »t»im ii o (vuimmihuliik i- 

TOy)Ke3TOO;illo6bUIo6bl HCM.Llt.INt AOCTIlAi III1CXI. HO ON.UblBaCTCJI. CTC s 

Moxcer Miioro 6o/ibinc. On mo/kct can aiih. ociiouoii uporpaviMiipouamiH 

BOo6me, a He TOJlbKO B MaCTIIOM (\OTH II tU,*IIOM)e 1VM.1C o6pa6oTKII BIJ 

paxeiiHH. Ho/yin iiawajia /lauaiiTe nop.ua \ ,s.iat m mto kliacii co.u p- 

>KaTb OpMeilTHpOBaHllblH HU CTCK H3blK UpOrpaMMlipoUAIIIIW. -U1H Toro 

MTo6bl 6bITb nOJie31IblM. 


Kan coAHue ne 6e3 mrreH, Tax ii ctck lie 6ea iicaoc iarson Xapasrcp- 
libiH j\,j\h CTCKa cnoco6 xpaiiciuoi ii ii3bjicmciiiisi .lamibix (LIFO) Mac to 

0Ka3biBacTCH HeyAo6iibiM. 

Miionie CTpyicrypbi Aaiuibix (uanpiiMcp, \iaccnubi ii.m unite n) iu 


pa3yMiio Aep>KaTb b ctckc. IlpiiMima jtoio buoaiic OMCuiuna: .\iamtubi 
coctoht 113 6ojibiuoro KOAMnecTua jacmchtou; 3aimcii Macro nK.no‘iaioi 
b ce6a nojia pa 3 iibix thhob, a lieTOAbKO Miic.ia. Lem. k npiiMcpy, Mace mb 
coctoht iix 1000 aacMeiiTOB, to npiiACTOi bcc hx iipoTo;iKiiyTi. » ctck. 
3to /ierKO CAenaTb (Konemio, npii ycAOBim, mto ctck cikkoock umcctiiti, 
TaKOe KOAHMeCTBO AaHllblx), IIO IIOTOM ItaMIlliaiorCH lipoOACMM. 

ripHimnn AeiiCTBHH LIFO AHKTyeT cipormi nop>i;ioK A ocTyiia k ;u»ii- 
iibiM Ec;m aco6xoAHMbie aaiiHbie haxoahtch tac-to i> r;iy6mie ctcka. m 
AoGpaTbCH K HUM MOXteT OKa3arbc>i aaTpyAMMTejn.m.iM (ksk, uanpiiMcp. 
Mb, MOKCM noAVMHTb AOcryn k 500-My aacMcnxy Maccna?) ;X'|« a.oro, 
iiaHimaa c Bepuimib, CTexa, npiiAerca ubiTOAKiiyri. „ tao-io coxpaiinii. 
Bee «auiiniHC» aaeMeHTbi, 33TCM nojiy'iim, iickomi.,,, aacMnn iMiaKonen, 
K3KHM-TO 0 6pa30M BOCCTaHOBHTb HCXOAIlCfe COCTOHIIIIC CTCKa. 3r(> AOJITO. 

HeacMeKTUBHo .. npocro „cyAo6„o, no raxaa aaaana Bcxpcacrca o-,cn,. 
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saaann npmDA^uune k c 


\ i 


MacTO, II cc hcooxoaiimo pcaiaTb. Aj\a aroro b ciictpmy kom;iiu ctckohmv 
\ iauiiiH bboa5Itch cnemiajibiibie onepamm. noauo/uiioimie iio.ivMinb ne- 
mu pc/u . Bemibitt Aociyn k 3JieM0 Htbm b my6iiHe ctciol 3to, koiic mo, 
ore rymenne ot KauomiMCCKoro oupeziejieiiim creica, no iipaKTiiMecKiie 
cooopa>KeuiiH OKa3i»maiOTCH ua>Kiiec. KpoMe toi*o, o6bi i uio r.iv6nny cic'Ka 
TeM hah HHbiM cnocoGoM orpamiMiiBaioT (tcm oo.iee mto iia.MATb vih err- 
Ka «6epeTCH» 113 AOCTymioii naMHTii KOMiibioTepa). n pit a tom Bceraa c\ - 
mecTByeT BepoHTiiocTb nepenojiiienna ctckb. iio3to.m\ cnocoo xpanemiH 
b CTeKe 6ojibuinx o6i>eMOB aamibix 0Ka3biBaeTc>i neiipiiroanbiM. 

ApyroHcnoco6xpaiiemiHAamibixAaBiio lUBecre.i ncnoaujoBamic na- 
mhth, ne Bxoflflmeii b ctck. Tai<an naM>iTb na3biBacTCH naMxmbto c npoiu- 
eoxbHbut docmynoM (random access memory. RAM) I Imciiho ran paoora- 
k>t npaKTHHecKii Bee H3BecTiibie a3bii<ii nporpaMMiiponamm. ,1.™ ccu.ikii 
Ha 3Ty naMflTb Hcno;ib3yioTCH aapeca. 3naMirr, >ubiK nporpaMMiipouaiiiiH 
AOji>KeH BKJiiOHaTb cpeacTBa padoTbi c naMBTbio (meime n 3armcb). 

Raoiee, mo6bi *i3biK 6biji CKOAbKo-iui6y/ib no/ie:nibiM. u iicm ;io iambi 
6biTb npeaycMOTpeiibi cpeacTBa ynpaBJicmia iioc.ie.ioBaTe.ibiiocTbK) m>i- 


MHCJieHIiH (b 4aCTH0CTH, npOBCpKa yC/lOBllfl 11 UlllCTbl) JTOI'O B >13blK 

cjiejryeT BKJiiOHHTb B03M0>Kii0CTb KOMaii/ibi nepc/iaMii y npaB. iemi>. Ma- 
jiee, b B3biKe aojdkhm 6biib npeAycMOTpeiibi (KaK miiiiiimvm) KOMaii/ibi 
aim BbinojmeiiHa ocnomibix apii(|)MCTiiMecKH\ (iiaiipii.Mcp, c.ioacuiic 
m BbiMHTaime) H AornnecKiix onepamm (KomnoiiKima. ;iii3i>ioiikuiib, 
...). Oneiib no/je3HbiM cpe/iCTBOM paaonemm 6o.ibi.mx nporpaMM na ot- 
aejibiibie, oTiiocHTejibiio ne3aBHCHMbie Hacrn mumeTo. Mexami3M no/i- 
nporpaMM. B cjieayiomeM pa3;;ejie mu paccMOTpiiM o/mii na uo3Mo>Kiibix 

BapwanTOB pemeiiHa stiix npodaeM. 


Ctekob3?i MaiunHa 

CeiiMac, cjieayn OiiJiHnny KynMany, Mbi oimuieM ciictcmv Kowaii/r iie- 
6ojibLUOH KaHOimnecKOii (hjiit o6o6iueimoii) CTe.couo.i Manmiibi (gene i ic 
stack machine). 3Ta Mammia oneiib npocTa, no. necMOTpa na aro, ona 
Bno^nie npiiro/uia j\nn peajmaamm npaKTimeciai mo6b\x ajiropiiTMou. 

JXamibie b cTeKOBOM Maumne xpamrro. b Tpex odjiaciax naxm m. Hep- 
Baa o6;iacTb - aapecyeMan naMxmb npou3QOJibnoio doemyna (memory), 
noaodiiaa tom, mto HMeeTca b jiio6om KOMribioTepe. B aroii riaMarn xpa- 
,mT C a onepauHH h /lanubie. Bxopaa o6./.acTi> - aro emeu dawiboc (da a 
stack, hjih coKpameimo DS). B CTeKe aa.uib.x xpam. ro. onepamm. apm|>- 
mcthmcckux onepauHii. a*peca Aannux K^peca nepexoAoa. Tpc™ oo- 
Aaci b - cmeK ao 3 opamoo (return stack, wm coKpautemio RS), npcAiiaaiia 
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MeiiHbiu fljiH xpauemiH aapecoB B03BpaTa 113 no/uiporpaMM (no, kixk 6y/ieT 
acno H3 nocjieAyiomero, He tojibko). KpoMeioro, iiMeerca y>KC 3 uaK 0 Mbiii 
HaM nporpaMMiibiH chctmiik (program counter, hjih PC). 

CucjneMQ KOMQud (instruction set) ctckoboh Maunnibi BiunouaeT b ce6>i 
onepamm necKOJibKHX rpynn. PaccMorpiiM hx iio nopa/my, coiipoBo>K/um 
KpaTKiiMH noHciiennaMH h, rzie aro npe/iCTaB/meTcn iieodxoAHMbiM, npu- 
MepaMH. IlepBan rpynna KOMaiiA BKJiionaeT b ce6n onepamin Maminy- 
JiiipOBaniiH coAepxaiMbiM CTeKa Aamibix. 3th onepamin npe/iCTaBJieiibi 
b oie/tyiomeH Ta6jinue: 


Onepaunn 

CTeKoean fluarpaMMa 

DUP 

\ • • ♦ 3 |" • • • 3 3 

DROP 

• • • 3 b |“ ... 3 

SWAP 

|" • • • 3 b |“ • • • b 3 

OVER 

| . . . 3 b |" . . . 3 b 3 


(mhototo4HH b CTeKOBbix AiiarpaMiuax o6o3iianaioT neyKa3ainibie 3Jie- 
MeriTbi CTei<a; hx MoxceT 6biTb Miioro, a mojkct 6 biTb - mi o/moro). One- 
pamm DUP (ot duplicate) C03AaeT b CTeKe Konmo DjicMema na uepiuiuce 
CTeKa, nocjie nero ctck CTaiiOBHTcn 6ojibme (hjih rjiy6>Ke) na o/um 3Jie- 
MeiiT. Onepamm DROP yAajmeT(Bbi6pacbiBaer) ajieivieiiT, naxo/umuiiiai 
na Bepuiinie CTeKa. Ilo cymecTBy, 3 to chhoiihm Kowamibi POP, o kotopoh 
M bi roBOpHJiii b oaiiom H3 npeAbiAyumx pa3^ejiOB. Tenepb ctci< CTanouin- 
cn ua oahii 3 JieMeriT Meiibuie. Onepamin SWAP nepecTaBJiaeT MecraMU 
ABa BepxnHX 3JieMeiiTa CTei<a; rjiydima CTeica lie mciuictoi. Hai<oneu, 
onepamin OVER co3AaeT 11 a Bepuiinie CTei<a Konmo ajieMema, jioKamero 
b CTei<e HHXce ero Bepmmibi, h rjiyduna CTeica yBejnniimacTcn na oahu 
ajieMeiiT. CTeKOBbie onepaunn ne orpaiiHHHBaioTca yKa3amibiMii, no ne- 
peHHCJieiiiibie — naii6ojiee Ba>Kiibie n nacTo BCTpenaiomnecn. 

BTopan rpynna BKJiionaer b ce6n apn(|)MeTmieci<ne u jioniHecKnc oric- 

paunn: 


Onepaunn 

CTeKOBan AnarpaMMa 

+ 

(■ ... a b a+b 

- 

[ ... a b -*• [ ... a-b 



Onepamin 3 tou rpynnbi oMcnmuibi carru no ccoc («a>Kno io.u.ko o6 
pa-r.iTb im.maniic naTO, mto npn Bbimiraimn DWH.iracMOC uaxo/mren na 
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BepuiHue ciei<a, a yMeiibiuaeMoe - no# neit ). Bcc am onepamm bl»u 10 .i- 
hhiotch no oahoh cxeMe: onepaiiAbi BbiTajiKHBaiOTCH 113 t'TCKa, k hum npii- 
MenneTCH yKa3annan onepaium, nocjie Hero pe3yjibiaT nporaAKimaeTcn 
B ctck; CTei< AaiiHbix CTanoBHTCH Ha oahh aJieMeiiT Meiibme. 

TpeTbH rpynna onepauHH npeAiia3HaHena j\mi padoTbi c na,\niTbio. 
B new Bcero aB e onepaunn: 


Onepamm 

CieKoean fluarpaMMa 

1 

& 

|- ... n addr . 

@ 

[ ... addr n 


OnepauHH ! (coxpamiTb, store) o»HAaeT 11 a Bepmmie cieica aApec 
naMHTH (memory), a noA hum - Aamibie, KOTopbie iiyacuo coxpainiTb. 
Flocjie BbinojmeHHH 3toh onepamm Aamibie (t. e. n) coxpamuorai no 
yKa3annoMy aApecy (addr). riocjie 3Toro h aApec, h Aamibie H3 cieica 
yAaJiHioTcn. OnepauHH @ (H3BJienb, fetch) HiiTepupempyeT 3iianemie 
addr na Bepumue CTexa KaK aApec naMHTH 11 npoiajiKiiBaeT b ctck Aaii- 
Hbix 3HaHenHe, xpaimmeecn no 3T0\iy aApecy. Caw aApec naMHTH 113 ctc- 
Ka yAanneTCH. 

IlepeA TeM k2lk paccMaTpriBaTb onepamm ynpaB/ienmi, paccMOTpiiM 
liedoAbiuyio rpynny, onepaimn KOTopon OKa3biBaiorca no;ie3iibiMii 
BpeMennoro xpaneiinn Aamibix 6e3 odpameium k naMHTH: 


Onepauua 


>R 


R> 


\ 


CTeKOBan fluarpaMMa (OS) 

F 






• • 


CTeKOBaa fluarpa MMa (RS) 

[" • • • ^ |~ * *» 3 


i ... 


\- ... 


3/iecb 3 afleiicTBOuanbi 06 a CTeKa (DS h RS). Onepaumi >R nbna.nai- 
BaeT 3 iia 4 enne c Bepmmibi CTeKa Aannwx DS n 11 pora.a kii nacr eio b ctck 
B 03 BpaT 0 B (RS). Onepaumi R>, HanpoTHB, DblTaJiKiiBacT 3 na 4 eime c Bep- 
uimibi CTeKa B 03 Bpax 0 B (RS) h npoxaiiKHBaeT ero b ctck /lamiwx (DS). 
CTporo roBopsi, onepamm 3 Toii rpynnw ne hbjijuotch 06 j 13 aTejibiibi.Mi 1 
(nx jierKo saMemiTb KOMamiaMH ! n @), no ;mi onepamm npome b nc- 
nojibsOBannn. npocTOTa 3Ta, OAnaKO, o 6 ManmiBa, t. k. no iieBiuiMaTCJib- 
hocth min ne 6 pe 5 KnocTii mojkiio Jienco caeJiaTb ne;iocTynin.iMii a/ipeca 
BOSBparoB b RS B onpeaeJiemiOM CMbicjie onepamm >R n R> noao 6 iibi 
CK 06 K 3 M KaJKAOH onepauHH >R AOJDK.ia cooTBercTBDBaxb onepamui R>. 
He ciieAVCT 3 JioynoTpe 6 jwTb onepattfWMii axoii rpynnw, nocKommy c nx 
«noMOmbio» mojkho npHBecxH 06 a CTeKa $ uccorj.acoBa.moe COCTOJ.ll.ie 

11 nojiiiocTbio napyuiHTb pa 6 ory nporpaMMbi. 
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CjieAyioman rpynna KOMaiiA coAepaaiT onepamm ynpaBjienmi. 3ra 
rpynna neMuoroHHCJiemia, ho 6e3 nee neB03Mo>Kiio iianwcaTb ckojibko- 

HHfiyAb nojie 3 HOH nporpaMMbi: 


OnepaiiMB 

CTexoBaa AnarpaMMa (DS) 

CieKOBaa AHarpaMMa (RS) 

IF 

\ • • • 3 |“ • . • 

6e3 M3MeHeHMM 

CALL 

[ ... addr -*> [ ... 

[ • • • -*■ [ ... raddr 

| EXIT 

6e3 M3MeHeHMH 

[ ... raddr -►]-... 


OnepauiiH IF BbiTajiKHBaeT H3 CTei<a Aamibix 31 -iaHei-iHe na Bcpiumic 
CTeKa h cpaBHHBaeT ero c 0. Ecjiii pe3yjibxaT cpaBiienmi - iicTima (t. e. na 
Bepmmie CTei<a AeiicTBHTejibHO 6biJi 0), to ynpaBJienne nepe^aeioi onc- 
pauHH, new a/tpec C0Aep>KiiTCH b memory [PC]. Ecjiii x<e pe3yjibTaT cpaB- 
HeHHfl - Jio>Kb (t. e. na Bepmmie CTei<a Aamibix 6bui ne 0), to BbinoAmieT- 
cn cjieayiomafl no nopnAKy onepamm, t. e. onepamm no aApecy memory 
[PC + 1]. Onepamm CALL ocymecTBjmeT nepe/jany ynpaBJieiiim rio/i- 
nporpawMe no aApecy na Bepmmie CTei<a. A/ipec B03BpaTa (raddr), i<ai< 
h cjie/iyeT omiAaTb, npoTajiKimaeTcn b CTeic B03BpaT0B. HaKorieu, onepa- 
UH5i EXIT ocymecTBJineT B03BpaT H3 noAnporpaMMbi (PC = raddr). 

PaccMOTpHM, HaKOnen, nocjiejunoio rpynny, cocToamyio Bcero 113 o j\- 
hoh onepaunH: 


Onepanna 

CTeKOBaa AHarpaMMa 

LIT 

r *.t n 


Onepamm LIT, b cyumocxH, nBjmeTcm neci<ojibKO « 3 aMacKiipoBainion» 
KOMaHAOH PUSH. OnepaiiA, cjiCAyionum 3a onepamieii, iipoTaJiKimaeT- 
ch b cTeK AaHHbix. HanpiiMep, npn Bbiiiojiiieiiiui nocjieAOBarejibiiocTcii 
LIT 7 11 LIT 13 CTeK Aamibix 6yACT ii3Meimrbcn c./icAyiomiiM odpaaoM: 


Ctck AaHHbix Onepauwfl 

LIT 7 

• • • 

7 LIT 13 

• • • • 

■ ... 7 13 


Oahhm caobom, onepauHA LIT no3Bo;meT iiniimiajiH3npoBaTb uepinn- 
iiy CTei<a Aamibix lienocpeACTBemio b nponecce iicnojineinm nporpaMMbi. 

3to OMeiib vao6iio, KorAa AaHHbix OTHociireJibiio MaJio. 

3to HCCKOAbKO 3CKH3iioe omicaime ctckobom Maiiiniiw Aaer tcm "c 
Meuee BnoAiie aACKBaTiioe iipeACTaBJicnne o ncii. B Mainline uMteio. 
npaKnweCKH BCC, hto Hea6xOAWQ m* #aiiiicam«H uporpaMM. onepa- 
u ,„ ynpaajiemw. onepann.. P a6oTb. co ctckom h onepau.m pa6orbi c na- 
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38A8HH, npi/)80AS1LLlMe K CTeKy 


MflTbio. OAiiaKO npeflCTaBJieiiHaa CHCTCMa KOMaHA, 6e3yoioimo, no cjimu- 

kom yAo 6 na Ha npaKTHKe. 

IIohchhm 3to na npHMepeonepauHii @ (ii3B;ie4emie Aainibix 113 naMrmi 
c nocjieAyiomeH hx 3arpy3Kon b ctck Aainibix). riepe/i tcm kuk oncpamia @ 
moxcct 6 biTb Hcnojinena, aApec naMOTH, b kotopom xpamixcn /lamibie (addr, 
cm. Bbiuie), AOJiacen yace naxoAHTbca 11 a Bepinnne cxeica Aainibix. KamiM 
o6pa30M 3 tot aApec TyAa nona/ieT? HanpiiMcp, nocpeAcxBOM onepamm 
LIT addr. CjieAOBaTejibiio, na 3 Tane cocTaBJiemni nporpaMMbi Mbi Ao.a>Kiibi 
3apauee 3naTb 3 tot aApec. B ne 6 o;ibwiix nporpaMMax axo oiipeAejieimo 11 c- 
yAo 6 cTBO, a b nporpaMMax nyTb 6 o;iee cjiomibix - ya<e npo 6 /ieMa. 

By^eM HecTHbiMH: nporpaMMa, iianiicaiiiian c ncno;ib30BauiicM xo./ib- 
ko nepeMHCAeiuibix Bbiuie onepaunn, cxaiioBtixcn c/ioaaion n iuioxo 060 - 
3pnMOH. Mbi lie CTOJibKO peuiaeM 3aAany, CKOJibKo no/iAepanmaeM ctck 
Aainibix b nyacnoM cocToarnni. Oxnociixeabiio iie 6 oabiniic ii3MeiieiniH 
b ajiropriTMe MoryT npuBecTH k cymecxBeiinon nepeAejiKe nporpaMMbi, 
4 to pe3KO CHi-ixcaeT npoAyKTHBiiocxb pa 6 orbi uporpaMMHCTa 11 npcBaxo 
B03HHKH0BeHHeM OIHI 160 K, nopOH TpyAHOyJIOBHMblX. 

KpoMe Toro, CTpyKTypbi ynpaBaemni, omcbhaho, cviiiiiikom oeanbi. 
B cymnocTH, Bee, hto y nac ecTb, - 3to onepamm IF, Koxopan cpaBiniBaex 
3HaMeniie na Bepmmie CTei<a Aainibix c 0. A ecan iibm nyacno 3anporpaM- 
MiipoBaTb TaKoe, nanpuMep, ycaoBiie: «nepeAaTb ynpaBJieime, ecan mic- 
ao na Bepuiniie CTei<a Meiibine 0»? 3xo bo3mo>kiio caeaaxb n b xeKymen 
cncTeMe KOMaiiA, no KOiicxpyKinm nporpaMMbi cxanex neoMeBHAnoH, ne- 
yKJnoaceft, h BecbMa 6biCTpo nacxyniix pa304apoBanne b bo3mo>kiiocxmx 
CTeKOBOM MaiUHHbl. 

B npeACTaBJieiinoH chctcmc kombiia nex yAo6nbix 11 npnBbiMiibix onc- 
panHH, xaKHX, nanpHMep, KaK H3Meneinie 3iiai<a mica a na Bcpniniie cxei<a. 
KaK mo>kiio 6buio 6bi pemMTb xai<yio 3aAa i iy? Box npMMepnbiii Bapnanx: 

OnepauMfl Ctck AaHHbix 

K. ... n 

LIT 0 • ... n 0 

SWAP ■ ... 0 n 

■ ... -n 

nijcnw na oepiuune cmexa daunbLX uaxodumc* hucjio n. Heo6xoduMO uj- 
uenumb eio 3HQK. 3mo cdenamb npocmo : uado ebinecmb n U3 0 Rji* ammo 
npomaJiKuoaeM a crnex 0. Ho noxa ebmumanue npouseodimw nenbjx, m. k. 
6ydem ebinojineno n-0, umo, xonemio, paeno n. Hyxcuo cuauajianoMcimmb 
MecmaMU onepandbi, umo noaeojmem cdenamb onepamm SWAP. Bom me 
nepb MOO/CHO emumamb (0-n), u na aeptoniic emeu, oi,deni 

ucKOMoe 3uaneuue —n. 
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BwecTo oahou onepauHH uejibix xpn - cahuikom pacxoMiixejibno aa>i 
tekoh npocTOH 3aAA4H. Pa3yMeeTCH, moxcho o(|)opMinb 3 tot (])parMeiiT 
b bhac noAiipoipaMMbi h o6pamaxbai k iieii no \icpc iiaAo6iiocTii. A ecjui 
3aAana 6yAeT cjiOKiiee? CKa>KeM, na\i Mower nonaAo6iixbcu liaiini a6co- 


-xioxiioe 3naMenHe BejiHMHiibi na Bepminie cxeica. Mam Bbino;iiiiixb vmiio- 
>Keiuie (c ynexoM 3nai<OB coMHoacHxeAeH). 06eiix axux onepaunn b hc- 
xoahoh cncxeMe KOMaiiA Hex. Mx npHAexcn nporpaMMupoBaxb oxACJibiio. 
riocxeneinio na 6 op xaxux neAOcxaioiinix, no npaicxunecKii neo 6 xo/uiMbix 
onepauHH Bbipacxaex ao BiiywuxeAbiibix pa3MepoB. Kai< cAeAcxBiie koa 


nporpaxiMbi, npeAHa3Ha4eHiibrii aaa pemenna 3aAaMii, mo>kcx iierico «yxo- 
nyxb» noA koaom noAo 6 iibix yxwjinx. 

Mxai<, b KanecxBe nepBoro npii 6 jin>Kenn^i, hah cxapxoBoii xohkii, ica- 


liOHMMecKaA cxeKOBan Maminia BnoAiie noAxoAnx. Ee «B03Mo>Kiiocxeii», 
npH AOJDKHbix 3axpaxax xpyAa h BpeMenn, Aocxaxouno /yui peajni3amiii 
jiio 6 bix 3aAan. OAHaKO b KanecxBe npaimiMecicoro cpeACXBa n nojie3iioro 
micxpyMeiixa KanoriH4ecKaH cxeKOBau Mawmia cjiiiuikom npiiMHXiiBiia. 

KaKoii BbiBOA cjieAyex H 3 Bcero axoro? Hey>Kejm iiaoi cxckoboh Ma- 
uiHHbi noxepnejia (J)nacKO h hii 11 a mxo ne npiiroAiia, KpoMe k aic /yiu pe- 
luemiH caMbix npocxbix 3aAau? BoBce nex. CxeKOBau Mawmia, ecjni aKi<y- 
paxiio h npaBHJibno Aonojinuxb ee bo3mo>kiiocxh, mo>kcx cxaxb moiuiium 
uucxpyMeiixoM. Bo Bxopon uacxn Kinirii mm onumeM o/mii 113 BapnanxoB 


pacmiipeHiiH KanoiiiiMecKOH cxckoboh Mawniibi, a b npHAOKeiiiui npn- 
bcagm peajiH3auHio xaKOH pacwiipemioH cxckoboh Maunnibi ( 11 a U3bn<e 
HporpaMMHpOBaiiiia Java). IlpeAAaraeMbie ii3Meneiniu 6yAyT npocxbiMii, 
110 onII no3BOJiaiox cyuiecxBeiino ynpocxnxb nejierKyio paoory uporpaM- 
MHCTa, ocxaBJiaa eMy 6ojibiue BpeMenn 11 a pa3MbiuuieiiHH ( ueM 11 a peajui- 


3 aumo ouepeAnoro nap0B03a. 


noAnporpaMMbi: nepeAana napaMeTpoB 

Ooc.ie neKOXoporo nepepbiBa mm BiioBb B03BpaiuaeMC>i k noAiipoi paMMaM 
11 k peKypCHH. Ha 3xox pa3 iiauieii xcmoh 6y/iex nepcAaua napaMexpoB. 

HanoMHHM, mxo nOAnporpaMMM npeAna3iia i ieiibi ajui pa3AeJienmi 
6o;ibiuoii nporpaMMbi 11 a oxAeJibiibie, OTiiociixeJibiio ne3aBHCHMbie uacTH. 
06bi l ino noAHporpaMMa npeAnaaiiaHena aaa pciiieinoi iie6oJibiiion no/i- 
aaAauit, Koropyio mo>kho MHoroKpamo Bbiabioaxb 113 ochobuoh nporpaM¬ 
Mbi ii Apynix noAnporpaMM. 

OT.niiHHTMbHOfi oco6eimocTbio bccx iipe/ibiaymnx npmiepoB no/i- 
nporpaMM 6 buio to, hto b mix ne ncriojihaonajiiici. napaMeTpw. 3m noji- 
npoipaMMbi 6 bum npocro na6opaMii onep^um, Bbmo.niaBi.mx KaKiit to 
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ACHCTBHfl, no 6e3 yica3aHHH na to, Kaicne /ramii>ie npn 3 tom ncnojibayioT- 
ch. 3to, KoneMiio, b ii3BecTH0H Mepe noMorjio na\i nozmocTbio cocpezio- 
TOMHTbca na Mexann3Max ynpaBzieinm noanporpaMMaMH. Tenepb, Korzia 
9 ™ Mexann3Mbi b o6iuhx nepTax CTajin noiwTHbiMH, nacTajio Bpe\ia no- 
AyMaxb n o aanHbix. IbBopn o zianiibix, mm 6yjneM nomiMaTb npexczie bcci o 

napaMeTpbi (KpOMe napaMCTpoB, ecTb eme n zioKazibHbie nepeMemibie, no 
o hhx Mbi paccKaxceM no3>xe). 

B CBH3H C 3THM B03IIHKaeT OAHU, IieMlIOI'O CTpai-IHblH BOnpoc: T3K Jill 

yxc neo6xoAHMbi napaMeTpbi n mojkiio jiii o6oMTiicb 6e3 mix? Otbct na 
3tot Bonpoc nojio>KHTeJibnbiH. HanpHMep, Mbi MOxceM otbcctm zum riapa- 
MeTpOB nacTb azipecnoro npocTpancTBa, Bbiziejieinioro ixmi nporpaMMbi, 
h o6pamaTbca k hum no azipecaM (o6bimio b a3bii<ax moKoro ypoBiia, 
nanpnMep acceM6jiepax) hjih no liMenaM (b n3biicax nporpaMMiipoBanmi 
BbicoKoro ypoBHH). Kor.ua napaMeTpbi nozwporpaMM pa3MemaioTca rio- 
Ao6hmm o6pa30M, to ohm ubjiuiotcu, no cymecTBy, nacTbio cpedtt ncnoji- 
neniiH nporpaMMbi, t. e. nacTbio naMUTH, Bbiziejiemioii ruaBiion nporpaM- 
Me n ee nounporpaMMaM. 

IIohhtho, mto b 3tom cziynae neo6xo/iHMOCTb b napaisieTpax anfOMaTii- 
necKii OTnauaeT: nozmporpaMMaM ii3BecTiio pacriojio>Keiine (t. e. azipeca) 
bccx uanubix, b tom Hucue n Tex, KOTOpbie BbiiiojimnoT pojib iiapaMCTpOB. 

Ho na 3 tom Bee npeiiMymecTBa nepeziami napaMeTpoB nepc3 cpe/iy 
h 3aKauHMBaiOTcn. PaccMOTpHM b KanecTBe npiiMepa KJiaccmiecKHH cjiy- 
naii - nairni MaKCiiMajibiioe H3 zib yx ne;iOMHc;ieinibix 3iiaMeiniii. Bot 
(t)parMeHT Kozia, KOTOpbiw iiaBepnai<a BceM xoporno ii3BecTen: 

int a = 10; 
int b = 20; 
int m = 0; 

if (a > b) m = a; else m = b; 

3ziecb Mbi BnzmMZiBe uejiOHHCJiemibie nepeMemibie (an b), 113 lcoropbix 
nyxaio Bbi6paTb ozmy - uan6o;ibuiyio - h npucBOHTb ee aiiaweiiiie rpei b- 
eh nepeMeiiiioH m. B tom hum hiiom Bii/ie aror kozi 4acT0 BcrpenaeTOi 
b nporpaMMaxcopTiipoBKii h o6pa6oTKii MacciiBOB. 3 tot kozi rax n «npo- 
cutch» 6biTb ocJ)opMJieinibiM b BHZie nozmporpaMMbi (Kai< h IipOKZie. Mbi 
HcnoJib3yeM u3biK nporpaMMHpoBanmi Java): 

void max () { 
if (a > b) 
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OneBMAno, mto bcc nepeMeHiibie, KOTopbiMii MaininyjinpycT otot koa. 
jiexcaT Biie noanporpaMMbi; no ornouiennio k noAnporpaMMe oim - uio- 
6ajibHbie. FlepeA bm3obom 3Toh noAnporpaMMbi en aojihciim 6 biTb h3bcct- 
Hbi aapeca bccx Tpex nepeMeHHbix: a, b 11 m. IlonpobyeM yAynujiiTb 3 Ty 
no/inporpaMMy. Cnanajia «H36aBMMCH» or nepeMemion in: 

int max () { 
if (a > b) 
return a; 

else 

return b; 

> 


Tenepb Hama noAnporpaMMa «i3bipa6aTbmaeT» MaKciiMajibiioe 3iia i ie- 
HHe H B03BpamaeT ero b Bbi3biBaiomiiii koa. IlepeMeiiiian m 6ojibine ne 
nyxcHa: Jiio6aa Apyran neAonncAennan nepeMeiman MoaceT nojiym-iTb 
3Ha4enne, B03BpameHHoe noAnporpaMMoii. 

Tenepb HacTajia onepeAb nepeMermbix a h b. Hama noAnporpaMMa 
«npnBA3ana» k BuemiiHM no OTnomennio k new nepeMenubiM a n b 11 mo- 
>xeT paboTaTb TOJibKO c hhmh (t. e. noAnporpaMMe AOAxaibi 6biTb ii3BecTiibi 
aApeca naMHTH, OTBeAennwe nepeMenubiM a n b). Ecvm Mbi xothm, mto- 
6bi noAnporpaMMa pa6oTaAa c jnoboii nap on ucjibix nnceji, a ne m/ibKo 
c tcmh, mto xpannTCH b nepeMeinibix a n b, ee cjieAyeT erne pa3 nepeiincaTb: 


int max (int x, int y) { 

if (x > y) 
return x; 

else 

return y; 

} 


3Aecb Mbi bboahm napaMCTpbi, KOTOpbie, 4To6bi OTjnnniTb nx ot panee 
ncnOAb3yeMbix nepeMeinibix a n b, o6o3iiaHHAH Kaic x 11 y. Tenepb nama 
noAnporpaMMa MoaceT naxoAMTb nanboAbiuee cpe/ui jiio6mx Aoyx ne ibix 
miicca. Ona yxce ne 3BBHCHT ot KoiiKpeTiibix HHceji (a n b) n nx pacno- 
jio>Kennn b naMHTH. Ee moxcuo Bbi3biBaTb caMbiMn pa3iibiMii cnocobaMii, 
naupiiMep max (10, 20), max (a. b), max (a, 100) hah Aa*e max (a, max 
(b, c)). t. e. naiiTH MaKCHMaAbnoe 113 Tpcx mmccvi. Hiiwmh c/ioBaMii, Mcxa- 
UI 13 M napaMCTpoB <OTBH3biBaeT» noAnporpa.MMbi or KOiiKperubix a/ipe- 
cob naMHTH n Ae.riacr iioAnporpaMMbi neaanucuMbiMH (noAnporpaMMa 

max renepb Moacer craTb nacTbio 6ii6ahotckh). IIoaTOMy xoth Tcopei,,- 
mcck.1 6c3 napaMCTpoB momcho n oboirmcb, no npaKTiiMecKii ouu iiacraib- 

KO y/iobiibl II uo;ie3UbI, HTO ne B0CnOAb3OB^JTbCH 3THMII upCMiMVinee 

6bino 6 i>i uepaayMiio. 
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Ha 3tom co BCTyiuiemieM mokho noKoiiMHTb n iiepeiiTii k nejiy. 

Hanajia aaBaHTe npHBe^eM b ncKOTopbiii nopaaoK TepMnnojionno. 
Pa3JiHMaiOT ABa Tima napaMeipoB - (|)opMajibiibie h (J)aKTH4ecKiie. Oop- 
MajibHbie napQMempbi - 3to HAeiiTH(|)HKaTopbi, KOTopbic yKa3bmaioroi 
npn onpcAejieiiHH noAnporpaMMbi. B nauieM iiocvicaucm npmicpe 3to 
HACHTH(|)HK aTopbi x h y ( 06 a uejioro Tuna). OaianimecKue napaMempbt 
(nacTO Hcnojib3yeTc« TepMHii apiyMeumbi) - sto Aamibie, rjm o6pa6oTKii 
KOTopbix noAnporpaMMa npeAHa3HaMena. HanpiiMep, b max (a, 100) (|)aic- 
THMecKHe napaMeTpbi - 3to nejiOHiicjieiiiiaxi nepeMeiman a h mmcjio 100. 

H (})opMajibiibie, h c))aKTHMecKiie napaMeTpbi (apryMcnrbi) o6bnmo 
3anncbiBaiOTC5i b BHAe cnncxoB, ajieMeiiTbi icoxopbix pa3Ae;ieiibi 3ari>nbi- 
mh, h TorAa o HHX roBop^T xai< o cniicicax (|)opMajibHbix n c]:>aiaTmecKiix 
napaMeTpoB. 

IIpH Bbi30Be noAnporpaMMbi npowcxoAHT conociaB,ienne (|)opMajib- 
Hbix h c|)aKTHMecKHx napaMeTpOB: nepBOMy c])opMajibiioMy napaMeipy co- 
OTBCTCTByeT nepBbiH (l)aKTHMeci<HH, BTopoMy (|)opMajibiioMy napaMeipy 
cooTBeTCTByeT btopom (J)aKTH v iecKii h t. A- 3to t. h. n03imilOIIIIOC eono- 

CTaBJieHHe napaMdpoB. 


06bimio mpe6yemcsi, umo6bt KOJiunecmoo (popMa/ibiibix napcutempoa 
coenadcuio c KOJiuuecmeoM (paKmuuecKux, no o neKomopbix n3biKax npo- 
ipaMMupoeanusi amo mpe6oGanue ne o6si3amem>no. Kgk g 3mux uiynasix 
npoucxodum conocmao/ienue (popMajibiibix u (paKnimeacux napajiempoa 
npu Gbi 306 e nodnpozpciMMbi, kok u ugm 30Meumomcsi uedocmaiouyie ujiu 
jiuuiuue napaMempbt - oce dmo 3aoucum om mbti<a u dojotcno 6btmb om- 
paatceno o doKyMeumayuu k ueMy . 


Tenepb mm MoaceM BepiiyTbcn k niaonon rcMe axoro pa 3 Ae/ia; na\i nyac- 
uo naiiTH OTBeTbi Ha cjieAyiomiie Bonpocbi: k a k b noAiipoi paMMbi ncpcAa- 
lorcfl napaMeTpbi h i<ai< CBfl3biBaioTcn \ie>KAy co6oii ([jopMajibiibie n (|)ai<- 

TH 4 ecKiie napaMeTpbi? 


Omoembt ua amu oonpocbt ommodb tie oneeudubi; yobt, no Mitozue, daane 
oecbMa onbimtibie, npotpaMMuemu amux omoemoo ne snaiom u 6ojiee 
moio - daatce ne nodo3peGaiom o moM, umo mym uMeiomcn aiojicnocmu. 

Hacmo npoipaMMuaim nojtbaytomcst Mexanu3MOM napaMempoo kok 
como co6ou paoyMetoiyuMcn, ne sadyMbiaaxcb o moM, kok amom Mexanuan 
ycmpoen, natcue npo6jieMbi npu amoM G03UUKaiom u kuk amu npodneMbi pe- 

luatomcn. 


Cpaay ace mo, AOAacnb. npeAynpemna: name naAoacenne ne 6y;;er nc- 
■lepubiiiatomHM, T. K. noflpo6iioe n3Jio*eiml' nepcaami napaMerpon oi 
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cutch (oii5iTb ii onaTb) k Bonpocaiu peajnmmm >i 3 biKOB nporpaMMiipoBa- 
miH, axaioKe k noAAepacKe cpeAbi Hcno/meiiHA cocropoiibi oiiepamioiuioii 
cucTeMbi. 3 toh reMe nocBameiibi cooTBeTCTByioume kiihih (neKOTopbic 
113 mix upiiBeAeiibi b 6 H 6 ;morpa(|)iiH). Mw Jiiiuub iiaiueTHM ociioBiibie 
KOHTypbi 11 AaAHM iie6ojibuioe BBeAeime, onajiKiiBancb ot aroro, mo>kiio 
npucTynaTb k rAy 6 oi<OMy H3yHeiiino 11 peajiH 3 amni napa\ieTpoB. OnaTOK 
3Toro pa3^ejia MoxceT 6biTb oiiymen 6e3 ymep6a a^ia Aajibiieiiiuero 113 J 10 - 
>KeiIHfl, IIO eeJIH MbI XOTHM HOHIIMaTb, K3K yCTpoeiia BIiyTpeiUUUI «KyXII5I» 
H3biKOB nporpaMMiipoBaiiH^, 6e3 3Toro ne ooofmicb. Koe b mgm ml»i ao;i>k- 
libi 6yAeM noBTopuTbCH, 110 3to JiyMiue, hcm pncKOBaTb 6biTb iienomubiM. 
HanHeM c npocTbix (t. e. nepei<ypcHBiibix) noAiiporpaMM 11 paccMOTpiiM 
cjieAyiomnH ^>par\ieHT: 

Aflpec KoMaHAa 

• • t 

; ebiBOB noAnporpaMMbi 

2000 DSR 2500 

2001 
2002 
• • • 

2500 ; Hasa/io noAnporpaMMbi 

• • • 

; coxpaHMTb pe3y/ibTaT (ec/in oh Hy>KeH) 

• • • 

; B03BpaT H3 noAnporpaMMbi 
2615 RET 

• • • 

; napaMeTpbi 
8000 10 

8001 3 

8002 0 


/lonycTHM, hto, iOK ii paiibuic, noAnporpaMMa liammacTCfl c a/ipcca 
2500 11 oacuAaeT Asa napaiucTpa. Mbi mo>kcm pa 3 MecniTb am napaMCTpbi 
o aneibcax naMjrm, ckjokcm, b swefticax naMxra c aapecaMH 8000 h 8001. 

Koraa noflnporpaMMe 6y«eT nepe^ano ynpaBJicnue, eii noiia;io6>rrc>i 
napaMeTDH. Hx ona cmomt naimi iio aflpecaM 8000 h S001 O'lemumo, 
4T0 napaMCTpbi, onpe/ieaemibie tbiciim o6pa30M, jibjoiiotoi rjio6a;ibiibiMii 
m aocrynubi ue mnbKO aioii ncwnporpaMMe, no n bccm ;ipyniM, r. e. ao- 
crynHbi OTOBCiaay. Ecjui ripn nporpaMMiipoBanun na acceMO.iepe c arn.M 
nnuxo/utTca KaK-ro Mnpm bca, to b aab.Kax nporpaMMHpoBamoi bmcoko- 
"o ypoann 3 tOi 6eecnopno. naoxoe pciucnfife. K P omc roro, anpeca napa- 
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MeipoB He MoryT 6biTb H3MeiieHbi - no/uiporpaMMa oy/xei iicKaib live¬ 
able ea napaMeipbi HMeinio no yKa3aHHbiM aapecaM. 

MiaK, nepe/iaMa napaMeipoB nepe3 Bbwejiennbie aneaKH naMHTii (hjih, 
hto to ee caMoe, 4epe3 rjio6ajibiibie nepeMeaiibie) — n./ioxaa npaKTHKa. 
CjiynaH, Kor;xa rjio6ajibiibie nepeMenabie AeacTBHTejibao nojie 3 iibi, Becb- 
Ma HeMHoroMHCJieaabi, a bchkhh pa3 ax acno^b30Baiaie /io/ieiio 6biib 

060 CH 0 BaHHbIM. 

Itfe eme MoryT pacnojiaraibca napaMeipbi noanporpaMM? Hx mojkho, 
aanpHMep, pacnojiaraTb b Te;ie caMoa no/inporpaMMbi, cKaxceM, iieno- 
cpeACTBeHHO b aaaajie hjih iienocpeACTBenno B03Jie KOManzibi B03upara 
RET. Ho 3to (J)aKTHHecKH naaero ae \ieaaeT - napaaeipbi i<ai< 6bi.au 
rJio6ajibHbiMH, Tai< hmh a ociajiacb. Beixb b acceM6jiepe Mbi MoeeM ;ier- 
ko nepe^aTb ynpaBJienae no^nporpaMMe, ae ncaojib3y>i onepamao JSR 
(b pe3yjibTaTe Hero pacicyexi nojiaocTbio napyinnib ee pa6ory). Ila.M 
HaAO, HTo6bi no^nporpaMMa ae 3aBacejia ot pacaojioeenna napaMeipoB, 
a npocTO nojiynajia ax b momcbt Bbi30Ba. Die ee eme MoryT naxo/an'bca 
napaMeipbi? 


Xomsi Mbi ne 6ydeM nodpodno ocmanaeji u a a m b csi iia cnocooax nepedam, 
napQMempoo, ho ynoMsinymb 06 omoM 6ydem nemiunuM. B ochoohom uc- 
nojib 3 yiomcH doa cnoco6a nepedauu napaMempoe a nodnpozpaMMbt - no 

3 HcmeHwo u no ccbuiKe. 

Ilpu nepedaue napaMempoe no snauenwo nodnpozpaMMe nepedaiomcsi 
ne comu damibie, Komopbie nodnpozpaMMa 6ydem o6pa6ambieamb, a ko- 
nuu 3mux danubix. Ilpu omoM adpeca dannbix nodnpozpaMMe ueiuoecmubi 
u, aiedoeamejibuo, «opuzunaJibHbie >> snaueuun nodnpozpaMMa u 3 Menumb 

(ujiu , Jiyuiue ctca3amb, ucnopmumb) ne Mootcem. 

Ilpu nepedaue napaMempoe no ccbuace nodnpozpaMMe nepedaiomcsi 
adpeca danubix, Komopbie nodnpozpaMMa oydem oopaoanibieanib. Ilo- 
cKOJibtcy npu 3moM nodnpozpaMMe usoecmubt adpeca danubix, nepedanitbte 
no ccbUixe, mo nodnpozpaMMa wueem docmyn k hum u MOJicem uxusMenumb 
(ne CJiedyem omootcdecmojisimb nepedauy napaMempoe no ccbuiKe c uio- 
6a ibiibiMu nepeMewtbtMu; xomsi o o6oux cnyuaxx nodnpozpaMMa u pa6o- 
maem c adpecaMU naMSimu, no ne ko eceM adpecaM nodnpozpaMMa Modern 
o6pauiambCJi, a Jiuwb k meM, umo eu 6buiu neno nepedanbi e tcauecmoe na¬ 
paMempoe 6 momcm/i 6bi3oea). Kame cnocodb, nepedauu napaMempoe do- 
nucmuMbi, onpedejtxemcn e ochoohom peanu3au,ueu subtKa. 

' PaanuHHbie H3UKU npozpoMMUpoeanusi naKJiadb/oaiom pax,iambic ozpa- 

nwieuun na cnoco6u nepedauu napoMempOo. HanpuMtp, a Java npuMU- 
muoubte dawtue nepedawmcx monwo no mauenuio, a mo epeM» kok « c 
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wiu 0 C+ + uxmomho nepedamnib u no 3nauenuio, u no ccbtme . Cocmaonbie 
munbi dcJHHbux (Maccuobi , sanucu , o6beKnibi) nepedaionicti, kqk npaoujio, no 


CCbUlKe. 


iaK me ace cjieAyeT pacnojiaraib napaMeipbi? OTBCTiiTb na otot bo- 
npoc nenpocTo. Ha4neM H3AajieKa... 

flaBaiiTe bcromhhm, i<aK ycTpoen MexaiiH3M Bbi30Ba pCKypciiBiibix 
noAnporpaMM. fljRi Toro 4To6bi o6ecne4HTb npaBiuibiibiM B03BpaT H3 
UenOMKH peKypCHBHbIX BW30B0B, MbI HCR0JIb30BaJIH CTeK. B Ka>KAbIW 
MOMeHT BpeMeHH BbinOAIIHeTCR TOJIbKO OAHU H3 peKypCIIBIIblX BbI 30 B 0 B 

noAnporpaMMbi, a hmchho rocacahhh. Ecjiii mm naxoARMoi BiiyTpii pe- 
KypcHBiioro Bbi30Ba, Bee 6o;iee painine peKypciiBiibie Bbi30Bbi npnocTa- 
naBAHBaioTCH. 3 to, i<ai< Mbi noMHHM, iiasbiBaeTcxi BJioKennocTbio roa- 
nporpaMM. Ho BeAb KaxcAaa Bbinojiibiiomaaca iiOAnporpaMMa pa6oxaeT 
co cbohm na6opOM napaMeipoB! riocMOTpiiM na cjieAyiouuiH npniuep: 

int f = factorial (4); // Tohk3 P 

int factorial (int n) { 
if (n <= 0) return 1; 

return (n * factorial (n - 1)); // Tom<a S 


} 


(peicypCHBHbiM Bbi30B R0A4epiaiyT; o TOMicax PhSb KOMMeirrapnax wyn, 
niDKe). Bbi4HCJieiinecl)aKTopiiajia npn n = 4 nponcxoAiiTCJieAyiomiiM o6- 

pa30M: 

factorial(4)= 

4*factorial(3)= 

4*3*factorial(2)= 

4 * 3 * 2 *factorial(l)= 

4*3*2*l*factorial(0) =4*3*2*1*1=24 

3;iecb uhaho iiecKOJibKO peKypcHBHbix Bbi30B0B, onii.MaiouuixcB /ipyr 

ot Apyra 3na4einieM (paicninecKoro napaMeTpa. 

Eme pa3 riocMOTpiiM na npiiMep. B new BbiAeJieiibi abc tomkii: P o3iia- 

naeT r;iaBiiyio nporpaMiny, S - Tonicy peKypciiBiioro Bi»i3oua. Bor i<aK 

6 yAeT MCiiBTbOi coAep>KHMoe ctckb B 03 BpaTOB npn BbiMiicjiemni <|>aiao- 


puajia: 


p s s 

■PSSS 


* p 
P s 


nepeA BW 3080 M noAnporpaMMbi 
6bi308 factorial (4) 

BW30B factorial (3) 
Bbi30B factorial (2) 
BbiaoB factorial (1) 
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PSSSS 

P s s s s 

•PSSS 

P s s 
P s 

■ p 


Bbi30B factorial (0) 
return 1 
return 1*1 
return 2*1*1 
return 3*2*1*1 
return 4*3*2*1*1 

return 24; B03o6H08/ieHMe pa6oTbi ryiaBHOM nporpaiww 


M naKOHeu, to nee caMoe, no b rpa(])HnecKOH c|)opMe: 



▲ 



(cipeJiKH, BbixoAHmiie ii3 npHMoyro;ibiibix ojiokob nanpaBO ii biiii3, .oio 
penypCHBHbie Bbi30Bbi; CTpejiKM, Bbixo/umuie ii3 npnMoyrojibiibix 6 jiokob 
liaJlCBO II BBepX, - B03BpaTbI 113 peKypCHBHbIX BbI30B0B). 

Mbi npHBeJiH TpH cnoco6a H3o6pa>Keimn nponecca Bbinojineima pe- 
KypcMBiioii no^nporpaMMU, n bo Bcex cjiynanx mbi xotcjih noA v iepi<nyTb 
cJie/iyioimiH (|)ai<T, HMeiomnn ^yiiAaMeiirajibiioe 3naMeime: npu komOom 
petcypcueuoM ebuoae no/uiporpaiuMbi factorial cii riepc;iaerca napaMcvp 
na eflummy Meiibiue npeflbmymero, h rai< ao rex nop, noica stot napaMerp 
ue c raiieT pamibiM 0 (ycjioBiie 3 aBepmeinui peKypcnn). 

nocKOJibKy smo ouetib oajtciwiu u motitcuu MOMeum, mu noomoputtcji 
erne pas napoMemp nepedaemcs npu xaxdoM peKypcuouoM evsoae, U.m 
uuauc KaoKduu pexypcuenbiu omoo conp^oMdaemcn nepedancu coon- 
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eemcmeyKAUfiio napaMempa , u yxce mrsmoMy xaxcdbiu pexypcuonbtu obuoo 
onuimaemcR om dpymx (a tmenno 3nmenueM napaMempa). 

Ecjiu o pexypcuenou nodnpozpaMMe npedycMompeno necxojibxo napa- 
Mempoe, mo xaxcdbiu pexypcuQHbiu obt3oe ommaiaemcsi om dpymx jna- 
uenueM, no xpauneu Mepe, odnoio U3 napoMempoo. UoneMij 3mo g axe no ? 
BcnoMHUM odycjioouu 3aoepuieitusi pexypcuu:pexypcuG/ibie Qbi 30 Gbi doujie- 
Hbi 3aoepmambcsi npu Gbinojineuuu onpedenenuoio ycjioGusi. Ecjiu oce pe- 
xypcuGHbie Gbi30Gbi neomjimuMbi dpyz om dpyia, xax moxciio oxcudamb, 
umo ouu 3aoepiuamcsi? Huxax. 

PaoyMeemcji , MOiym dumb u nodnpoipaMMbi 6e3 napoMempoo; a 3moM 
cjiynae ycnoGue Gaoepuienusi pexypcuu dojixcuo naxodunibcx one nodnpo- 

ZpOMMbl. 

Kojib CKopo Ka>KAbiii peKypciiBiibiii bbi3ob coripoBOK/iacrca ripoTaji- 
KHBanHeM aapeca B03BpaTa b ctck B03BpaT0B, to noacMy 6bi ne nporaji- 
KHBaTb Ty^a >Ke (t. e. b ctck B03BpaT0B) h riapaMeip? 3 to ciijibiio CMa- 
xiiBacT Ha npoBOKaumo, ho AaBanxe ne 6yj\e\[ ToponuTbca - kto 3iiaeT, 
N10>KeT 6bITb, B 3TOM HTO-TO eCTb. 

riocMOTpHM na npo6;ie\iy c Apyron tomkii 3peima: Koivia B03iniKacT 
H OTna^aeT neo6xoAHMOCTb b napaMexpax, t. e. b Kaiaie MOMeuxbi BpeMe- 
hh jxjifi h 11x AOJDKHa BbiAejniTbca h ocBo6o>icAaTbc>i naMBTb? OxBeT yxce 
AOAXcen 6biTb OHeBH/ieii: BbiAexeime iiaisum! jxj ih napaMeipoB npoii3no- 
AiiTca TorAa, Kor/ia ynpaBxeiine nepeAaerca no/mporpaMMC. Ho 3tofo 
MOM eiiTa oiin eiu,e tie riyxcnbi. CooTBeTCTBeiiiio, ocBo6o>KAeiine naMani, 
BbiAejieuiiOH mm napaivieTpOB, aojixuio iipoii3BOAiiTbca Toim Kor/ia 
noAnporpaMMa 3aBepmaeTca. riocjie otoi o Moiueiira ohm yxce mi x ucmij. 
Bxoa b noAnporpaMMy conpoBOKAaerca npoTajiKiiuanncM u ctck bo 3- 
BpaTOB aApeca B03BpaTa H3 noAnporpaMMbi. Tax AaBaii re upomiKiicM 
b 3T0T >Ke ctck M napaMeTpbi. Boaee toco, ccjih yxc «piicK0BaTb», ro no- 
iiacTOflmeMy: upoTO/iKiieM b ctck B03BparoB h B03BpamaeMoe 3iia i ienne 
(ecjiu, pa3yMeeTca, noAnporpaMMa ero Bbipa6aTbiBacT>! 

nocMOTpiiM, xax 3to \ioxceT BbirjiaACTb na ACJic. ripiineAeM emc pa3 
pauee yxce 3iiaKOMyio HaM iiOAnporpaMMy iiaxoxcAeinia naii6ojibiuero 113 

AByx Miiceji: 

int max (int x, int y) { 

if (x > y) 

return x; 

else 

return y; 

> 














84 


BaAani/ 1 , npi/ieoA5iuii/ie k cTeKy 


IlycTb odpameime k stow noAnporpaMiue, iianpuMep, tskoc: 
max (10, 20). Box KaK MoaceT BbinmACTb ctck B 03 BpaT 0 B ripn bxo jxe b ary 
uoAnporpaM\iy (mw Bocno;ib3yeMca rpa(|)HHecKHM npeAcraBjieinieM ctc- 
Ka; nanoMHHM, hto aho cxei<a pacnojiaraeiai b cTapiunx aApecax naMam, 
a CTeK padeT CBepxy biih3, t. e. b CTopony MJiaAUinx aApecoB): 



AHO 


BepiunHa 


n 

3anncb (4>peMM) aKTueaunn 

j 


3to na3biBaeTCH 3anucbio ajcmueau,uu , hjih (ppeuMOM aKmueayuu. 
npH Bbi30Be noAnporpaMMbi nponcxoAHT cjieAyiomee: cnanajia b ctck 
HpOTa-TKHBaioTca (j)aKTMHecKMe napaMCTpbi hjih apryMeiiTbi (10 h 20), 3a- 
xeM b cTei< npoTajiKHBaexcH B03BpamaeMoe3naMeinie (RV or return value), 
KOTopoe 11 a 3tom 3Tane noi<a neH3BecTiio, a 6yAeT BbiMiicjieno rio3>Ke, n, 
liaKOiieu, aApec B03BpaTa (RA ot return address). 3aMen>re: Tenepb mm 
pa6oraeM TOJibKO co ctckom; ociiOBiian naMHTb Boodme ue ucnojib3yeTcn. 


[JopxdoK npomaJiKuoanusi e cmeK napaMempoo, adpeca ao36pama u ao3- 
opaiu,aeMoto 3Hcmenu5i Mootcem 6bimb u uribiM. B swom aonpoce item o/pa- 
nuueiiuu, a abi6op nopudna onpede/tsiemcx cucmeMoii KOMand npoyeccopa 
u npotpaMMucmo.H, Kornopbiu peajiu3yem dannbiu Mexanu3M. 


Tenepb noAnporpaMMa naMHiiaeT BbinojiiiATbcn. IlocJie roro k a rc pado- 
xa noAnporpaMMbi 6 yAer aaBepuiena, nponaouAcr B03BpaT us uce o bu- 
abiBaiomyio nporpaMMy. Ho noanojibre, a i<ai< >kc BoanpamaeMoeananeiine 
u napaMCTpbt? Oim KaK Aeacajiii b CTene, raic b iieM n ocrajnicb. C oBcp- 
uichiio OMCBUAHO, mto no 3aBepiueHHH noAnporpaMMbi MX M3 CTena iiyxcno 
VAajiHTb h Bepnyxb CTeK n cocroaune, b KoropoM on uaxoAHJica AO bw3o- 
sa noAnporpaMMbi. Ho KaK? 3to onpeACJieinio ripodjieMa. IIo Bee ne ran 

ii'ioxo, KaK MOBceT iiOKa3aTbca na nepBbin b3iviba- 

Emc 033 iiocMOTpwM na noanporpaMNiy max IIomiporpaMMa oiK.uaei 
Ana napaMctpa (x h y) it B03npamaeT hcji^ aiia'iemie, x. c. bccio xpn bc 
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juiHHHbi. Kpo\ie Toro, ymeM eme h aApec B03BpaTa. Bee 3 x 0 H3BecTiio j\ o 
Toro, KaK nozinporpaMMa 6yAex Bbi3Bana. CjieAOBaiejibiio, na.M tomho 113 - 
BCCTHO KOJIHHeCTBO SJieMeilTOB, KOTOpOC Ha AO 6yACT IipOTOJIKliyTb B CTCK 

npn Bbi30Be noAnporpaMMbi (a iiMeimo 3+1 = 4). Eme pa 3 nocMoxpiiM 11 a 
CTeK. B HCM naxoAHTCH nexbipe 3JieMeiiTa: aApec B03Bpaxa (RA), no3Bpa- 
maeMoe 3iiaHeHne (RV) h ABa napaMexpa, t. e. icax pa 3 cxoAbico, cko./ii>ko 

MbI TOAbKO 4X0 nOCMHXaAH. CAeAOBaTeAbllO, no OKOIIMaiUIM pa6oTbI IIOA- 

nporpaMMbi mm y>Ke 3HaeM, Kaicoe koahmcctbo 3JieMenxoB aojihciio 6bixb 

yAajieHo H3 CTei<a. 

Hxo6bi ynecxb nocAeAnee o6cxoAxejibcxBo, naAO ivie-xo 3anoMiinxb, 
CKOAbKO AMeeK cxena npn Bbi30Be noAnporpaMMbi 6bi/io naMii ([jaiaxme- 
ckh «HcnoAb30Bano». rioBxopfleM, 4x0 3xo 3apanee ii3Becxna>i BeAiniima. 
CAeAOBaxeAbno, mm MOxceM npoxoAiaiyxb b cxck 3xo 4iicjio. Teriepb cxei< 

CTaneT xaKHM: 



10 


20 


RV 


RA 


4 


AHO 


eepwMHa ao BbiBoea noAnporpaMMbi 



3anncb (0peMM) aKTMeauMn 


eepmuHa noc/ie Bbi30Ba noAnporpaMMbi (SP) 



/JaBaiixeeme pa3 nepe4iicjniM, 4 x 0 naxoAHTCa b excise iienocpe/ic ibcii- 

110 nepeA BbinoAHeimeM noAnporpaMMbi (b oopaxnoM lianpaBJieiinii, 1 . c. 

iiamuiaji ox Bepuiinibi cxeKa b exopony ero Ana). 

O o6mee KO/iH4ecxBO 3JieMeiiTOB, coxpanemibix b c ickc ( / i), 

O aApec BoaBpaxa (RA); 

O B 03 BpamaeMoe 3Ha4eime (RV); 

O Bxopoii c|)aKTii4ecKiiH napaMexp (20); 

O nepBbincbaKTHMecKHHnapaMeTp(lO). 

noAiiporpaMMa uaHiinaeT iiciiOAiiaxbca. Koraa eii no rpeoyK)xoi (J)ai<- 
msiecKHe napaMerpM» OHa ux <<uanAex» bctckt na noanmwx SI + 3 (bto- 

poft napaMexp) 11 SP + 4 (nepBbiii napaMexp). 
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* 3aA8HH, npi/1BOA91LLll/16 K creKy 

Mhi GHOGb nanoMunaeM, mno cmeic pacmern a cmopouy Menbiuux 
adpecoG nciMsimu, nosmoMy djix docrnyna k 6ojiee «pautiuM» sjicMettmoM 
citigkq 3HQHenue SP nyjfcuo yGejiunuoamb. 3decb nado 6bimb GUUMamejib- 

HbiM, g npomuGiioM cjiynae ueu36eotCHbi zpy6bie oiuuoku u da Dice nomepsi 

danubix . 

Koraa nozmporpaMMa 6yAex roTOBa Bepnyxb ynpaBJieune Bbi3biBaio- 
mew nporpaMMe, ona flojmna 6yAex npoHnxaxb 3iiaMeiine B03Bpamae- 
Moro 3HaHeiiHH (SP + 2) h a/ipec B03Bpaxa (SP + 1). Ho 3 xo eme ne 
Bee. Ilo OKOHHanHH pa6oxbi noAnporpaMMbi iieo6xoAHMo Bepnyxb cxei< 
b cocxoanne, b KOxopoM oh iiaxoAiuicn ao Bbi30Ba noAnporpaMMbi. 3x0 
CAeAaxb oneHb npocxo: nyaaio Bcero Aiiuib CKoppeianpoBaxb 3iiaMeiiHe 
yKa3axeAA cxeKa SP = SP + [SP] + 1. rioMeiuy HMemio xai<? /la oneiib 
npocxo: 

O cuaHaAa yKa3axeAb cxei<a Koppeicxupyexca iia i iiic;io aAeiueuxoB, 
Koxopbie b neM 6biAH pa3MeLueiibi. 3xo miicjio paBiio 4, h nojiy- 
HHXb ero mo>kho, npoMiixaB 3iiaMeiine ojic.Mcnxa na Bcpinmic cxeKa, 
a 3xo - ne hxo nnoe, KaK [SP]; 

O ny>KHO He 3a6bixb, nxo 3xa MexBepKa xoace 3aniiMaex MMeiiicy naM>i- 
th h ee nyACiio ynecxb; noaxoMy 3iiaMcime SP neo6xoAHMo cicop- 
peKxupoBaxb eme na eAHinmy. 

Flocjie axoro cxei< B03Bpamaexca b cocxoaime ao Bbi30Ba noAnporpaM- 
Mbi. Caoacho? /la, Koe-icai<He npo6;ieMbi ecxb, no oiih iiocax mhcxo xexnn- 
HecKHH xapaicxep h pemaioxca npn peajiH3amin H3biKa uporpaiuMiipOBa- 
hhb; ny>KHbi Bcero Jimiib aKKypaxuocxb h xmaxejibiibin noAC'iex. 

B cucmeMe KOMand neKomopbix npou,eccopoo wsieiomcsi cneyuajibiibie 
onepayuu dnsi pe3epoupooanuM u oceodoj/cdenuM yKasannoio KOjnmecm- 
qq BJieMenmoG cmena. Onepayu* pe 3 epoupooaitusi oobimio ua3btoaemcsi 
ENTER n, ide n - Konunecmeo dJieMenmoo, na Komopoe uyxciio yoemmumb 
yKQ 3 QTti€Jib cmeKa. Onepaupsi ocoodoMdeiiasi cmeica na3bioaemcsi LEAVE 
n, ide n - KOJiuuecmeo dJieMenmoo, na Komopoe my mho ijMeubuiumb yK(i3a- 

mejib cmeKa. 

Bmccxo xpaneiina HHCJia 3 /ieMeHXOB l iame iicriojib3yerca ne cmctmiik, 
a yKaaaxejib Ha Bepimniy cxeKa ao Bbiaooa noAnporpaMMbi (x. c. na npc- 

AbiAyuiyio Bepuiiuiy cxeKa): 
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eepwuHa ao BbBOBa noAnporpaMMbi 


yKa3aie/ib Ha npeAbiAymyw sepwMHy cieKa 


sepiuHHa noc/ie Bbi3osa noAnporpaMMbi 


3/xecb link - sto yKa3aTe;ib ua iipe/ibiAymyio Bepininiy creica. 


Kcmamu, 30MemuM, umo, xax npaowio, nuxaxue ojieMenmbi a cmexe ne 
ydajisoomcsi 3 mo coeepiuenno u3Jiuiune - eedb x hum oce pcmuo item do- 
cmyna, max umo ne cmoum mpamumb opeMenu ua 3mo. j. Jeucmoumejibiio , 
docmomouno u3Menumb 3Jtauenue yxa3ame/isi cmexa SP (o6biuno toaopum 
npoiye - ^cdeunymb yxaoamejib cmexa»). 


MbI nOMliHM, 4T0 CTd< - 3TO CTpyKTypa AamiblX, AOCTVII K 37ICMeiITaM 
Koropoii ocymecTBJifleTCfl TO/ibKO b oahom Mecxe: na Bepiumie cieKa. 
npcMbiAymiie notfciieiiHa MoryT 3acTaBirrb b 3tom ycoMiiHTbca, n ne 6e3 
ociiOBauuu. Jinn jx ocTyna k napaMeTpaM iiaM ripniiuiocb Bbi6npaTb hx na- 
paMt’Tpbi nc na Bepiiiiiue CTena (t. e. ne TaM, i<y/ja yKa3biBa/i SP), a iviy6- 
>Ke - b no 3 HUHHX SP + 3 h SP + 4. Kai< >Ke TaK? 

A box TaK 1 TeopcTHMecKii, koiicmiio, 3T01-0 AejiaTb, mo>kct, n nc c.icao- 
ikuio 6 bi, no npaKTHnecKH sto no;ie3HbiH npneM, n npene6peraTb iim pazui 
coMiuiTe.'ibiicm «mhctotm» 6ynex Hepa3yMiibiM. fla, mu o6pamaeMcsi to 
ctckom ne couccm TaK, kuk npearuicano ero (JiopMajibiibiM onpeflejieiuieM. 
Ho sto nojit“3iio, yAo6no n npaKTHMiio IIo:noM_y mm tok h norryim.ni 


OnucanHbiu rnoibKO umo npue.u pa 3 Mew,enu» o cmcKc dono;umme.v»<»ix 
da, oi bu (noMUMO adpeca eosopama) Moxem 6b, mb peojimomn mhoiumu 
cnoco 6 aMU. B ,,au,y oadauy „e exodum paccMompenue oce.x oapuamm « 
„ me u 6 o,ee mow. kok 3mo peoAuayemcx npaKmuuecm. Mm amoto xyume 
odpomumbCM k coomeemcmeymtyeu jwmepamype. Ha.u mc aaxcuo o 6 pa- 
mtom, dHUMOme ua mo, umo 3 mo « 03 MOXHO (u, k ciouy, deuanoume.ibuo 

ucnOAbsyemcx na npanmuKC) 




















B ttaMa.ic 3Toro paJAC.ia mu yuoMima.ni, mto npit oGpauicmm k mu 
uporpaMNtaM b ctckc mo>kho coxpamiTb n .lOKaibiiue nepeMeuiibie i i 
.lOKiuibHue nepcMennue, Mb« oG^acTb bjiahmoctm orpamimiBai re a ro.ib- 
ko noAnporpaMMOH. IlaMHTb aah JiOKajibiibix nepcMcmibix hm.icdh'toi 
u ocBo6o>KAaeTca tomho thk >kc, Kai< n aah napaMCTpoB, t. e. b momciit 
BU 30Ba noAnporpaMMbi n b momciit ec 3aBcpuiemifl. Ho tvt ikuo hmctb 

B BIlAy Tpil 06 cT 0 ATeJIbCTBa. 

riepBOc: ecAH Mbi nanneM npoiajiKiiBaib b ctck cme n ioko. mimic nepc- 
MeHHbie (cKaaceM, nenocpeACTBeuno ao hah hocac cImktiihcckiix napaMc- 

TpOB), TO B03HHKIieT CAO>KlIOCTb - Kai< OTAHMHTb OAMH OTApvniX? CACAO* 
BaTejibno, b CTei<e nyxciio 6yAeT Kaic-To yKa3aTb, rae b hcm pacno.iotteimi 
AOKaAbHbie nepeMeuiibie, a TAe - napaMerpu. 3to neTpvAno cAc.iarb. Ha- 
npHMep, Ao6aBHB B CTeK CIIMB0A-pa3AeJlHTC.lb HAH OTaCAbllblii CMCTMIIK 
Aah napaMeTpoB. Mo>kiio Ao6aBiiTb b ctck VKa3aTcan: oahii - iia iiaMaao 


ceKUHH napaMeTpoB, BTOpOH - iia nanajioceKiwn .ioKa.ibiibix nepcMcmibix. 
KoneHHO, CTpyKTypa 3anncn aKTHBamm craiicT cjio>Knee, no npn aKKypar- 
hom peajiH3auHM Mbi BcerAa CMoaceM pa3o6paTb ee iia cocraBimie Macrn: 
ccbiAKa iia npeAbiAymyio 3anncb aiaiiBamm, aapec B03Bpara, B03Bpamac- 
Moe 3HaHenHe, ciihcok napaMeTpoB, ciuicok AOKaabiibix nepcMcmibix 

BTopoe: b 6AOHHO-opHeimipoBannbixn3biKa\, b Koropbix noanporpa.M- 
Mbi MoryT BKAaAbiBaTbca Apyr b Apyra (uanpiiMep, u Pascal), uyioxcemibie 
noAnporpaMMbi MoryT o6pamaTbcn k AOKaAbimiM nepcMenubiM, iipimaA- 
AOKamwM «poAHTCJibCKon» noanporpaMMe. KonnpouaTb nx b 3amicb 
aKTHBaimn BAOHceiiHOH noAnporpaMMbi 6cccMbicjienno - nx 3iia4cnna 
6yAyT yTepaiibi nocjie B03BpaTa 113 baoxcciiiioh noAnporpaMMbi. Hyxcno 
opranH30BaTb k hhm AOCTyn (o6biHiio nocpeACTBOM ccwaok 113 3annceii 

aKTHBaunn BJio>Kennbix noAnporpaMM). 

M naKoneu, TpeTbe. Bo Bcex naiunx npiiMcpax Mbi bbiio n iicmbiio 

npeAno/iarajin, hto h napaMCTpu, n jiOKajibiibie nepeMeuiibie omooiioi 
k OAHOMy Tuny Aaunbix — k ucjium MMCJiaM. Ha npaKTiiKC oobinno jio hc 
T an; b KanecTBe napaMeTpoB h jioicajibiibix nepeMcmibix Mory r uwcTyna i b 
CTpoKH, fleiicTBHTeJibiibie HUCJia, AornnecKHe snaMcmui n npon. Kan b o;i- 
i,om CTeKe pasMCCTHTb CTOJib paanopo/uibie Aamibie? Konenno, h b btom 
cnynae peuienne ecTb (n ne oaho), ho o 6 cy>KAenne axoro yBcjio 61.1 nac 
cahuikom aajieico h iiomth HH'iero neAo 6 aini.no k I'JiaBiioii tcmc axoro paa- 
jiejia - nepe/iane napaMeTpoB h jioKiuibiu.ix nepeMemibix. O60 bccm aroM 
jiyniue noHHTaTb b cnenHaabiioH AHTepaType (cm. 6 n 6 ainorpa(|)iiio). 

Ha 3 tom Mbi riaaepniaeM paa/ieji, nocBmueniibiii nepe/iane napaMeTpoB 
b noAnporpaMMbi. On, Bepoaxi.o, OKaaaaca camum caojki.mm '« scexpaa- 
AejioB OpuaiiaeMca necrno, hto Mbi aarponyan tojwko caMbit npocrb. 













Bonpocbi u iipeAJio>KiiJiH caMbic OHeBHAHbie BapnaiiTbi pemeimii. Ha ca- 
mom Aejic ynpaBJienne noanporpaMMaMH - Tewa orpoMiia>i n otiiociitoi 
6o;ibuie k BonpocaM TpaHCJiHUHH H3 mkob nporpaMMiipoBaiiiiH n ycTpoii- 
CTBy onepauHoiiiibix chctcm. 


Ctgk M rpaMMSTHKH 

B 3tom (h nocjieflueM) pa3^ejie nepBoii Mac™ kiiuth mm paccMorpim 
oAHn HHTepecHbiH MeTO/t pemeiiHH 3a/taM onpeAejieimoro iaiacca (pac- 
no3HaBaniie uenoneK chmbojiob), a Taioxe paciiiiipeiine stoio MeTo/ia 
nyTew npHCoeAimeHHH creKa. 3tot mcto/j (bmcctc c ero pacumpeiineM) 
no3BOJiHeT, b MacTtiocTH, no-HOBOMy pemaTb 3a/iaMii anajni3a CKooowiibix 
CTpyKTyp h Tpancjiamni Bbipa^KeiiHii, paccMOTpemibix panee. 

MoaceT noi<a3aTbC5i, mto KOJib CKopo 3a/iaua pcuiena, to ncKaib /ipynie 
cnoco6bi ee pememifl 6eccMbicjieimo; k MeMy rpaniTb BpeMa n ciuibi, ribi- 
Taacb no-HOBOMy peniHTb to, ajih Mero peuieime y>Ke ecib? 

3to 3a6jiy5KflenHe, h, k co>KajieiiHio, BecbMa pacnpocxpaiiciinoc. HoBbic 
cnoco6bi ne npocTO no-apyimiy pemaioT y>xe pemeiiiibie 3a/jaMH. HoBbie 

CnOCo6bI OTKpbIBaiOT IIOBbie B03M0>KII0CTII, a 3TO TOpa3,aO Ba>Kliee. Mo>kct 

0Ka3aTbca, mto 3th cnoco6bi pemaioT cTapbie 3aaaMii npome n 3(|x|)eioniB- 
nee, no 3to, no>KajiyH, ne rjiaBiioe. HoBbie ciioco6bi pemaioT to, mto paiib- 
rne peuiajiocb ruioxo, MacTHMiio hjih peuieime Mero 6buio neii3BecTiio. 

06cy>KAa^ npezibiflyiUHe 3a/iaMH, mm iob op hjiii o tom, mto Miioriie 
H3 mix othochtch k o6;iacTH Tpaiicjiumiii >i3biKOB nporpaMMiipoBaima. 
Ilopa, naKOiieu, xotb 6bi BKpaTue pacci<a3aTb o tom, mto sto raKoe. 

npii cocTaBJiemiM riporpaMMbi, peiuaiomen i<ai<yio-Jiii6o 3a/iaMy, mbi 
o6biMiio noJib3yeMCM TeM hjih hiimm H3MKOM nporpaMMupoBam-m: Java, 
C, C++, C#, Python, PHP h t. j\.\ Taicaa 3amicb na3biBaeTca ucxodiib/M 

meKcmoM, hjih ucxodnbiM ko3om. 


B me dajieKue opeMena , KOida. smuikoo npoipaMMupoeauusi oiu,o no 6olio, 
npoipaMMbi nu 6 o na6upajiucb ita cneu,uajibubix mmeKepubix nano nnx, no- 
do6ubtx meM, nmo u3pedKa acmpenaiomcsi no dpeonux menecpounbix kom- 
Mymamopax, Jiu6o sanucbtocuiucb Henocpedcmoenno a dtioumibix Kodax 

MQUlUHbl. 


riepe/i tcm i<aK 3Ta nporpaMMa 6y/ieT HCiiojinena, ee hcooxo/iiimo npc- 
o6pa30Barb k chopMe, «noHHTHon» KOMiibiorepy, - oobimuo b iiocjic/ioim- 
reJibHOCTH 113 0 II 1 (no ne Bcer/ia; Mac to nejibio raKoro iipeoopaaouaiimi 
MH me.CH HCKau npoMORyxoMium (|)o P Ma, Koxopaa MO>Kex6biTb Bbinojme- 
ua no/ixo;ou.icn Maimmon, r. e. nporpaMMott-HHTepripeTaTopoM). 
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3ia (J)opMa o6bimio Ha3biBaeTca o 6 beKmnbiM KodoM. 06e (|)op.Mbi (uc- 
xo/uiafl u oGbCKinafi) 3KBHBajieiiTHbi b tom CMbicjie, mto ohm npcACTau- 
;iaiOT OAiiy h Ty >Ke 3aAany. Flpouecc npeo6pa30Banini riporpaMMbi 113 
licxoAnoro KOAa b o6i)eKTHbiH 11 Ha3biBaeTca mpancjisiupeu, t. e. nepeeo- 
doM. TaKoe npeo6pa30BaiiHe ocymecTBJinioT cneunajibiibie nporpaMMbi - 
mpancjisimopbi (hah KOMnwixmopbi ). 

B Kai<OM-TO CMbicjie noAo6iibiii riepeBOA aiiajionoicii ricpeBO/iy c oAnoro 
ecTecTBeimoro A3bii<a Ha Apyroii (cKaaceM, c anniHHCKoro na lieMeuKHii). 
IlpaBAa, b ecTecTBernibix H3biicax KanecTBo ncpeBo/ia 3aBiiciiT ot Tajiama 
h KBajiwc))HKauHH nepeBOAMHKa, a noTOMy oahii ii tot >ice opiirimajibUbiH 
tckct nepeBOAHTca pa3iibiMH nepeBOAHiiKaMn no-pa3iioMy. 3 to Bnojme ao- 
nycTMMO, ho TOJibKO npw ycjioBHM, mto ne HCKcDKaeTca CMbicji opiinmajia. 
Ho ecjiH 3 to lie Tai<, to nepeBOA ne npocTO iijiox: oh mo>kct bbccti 1 b 3a6jiy>K- 
Aenne h Aa>Ke naBpeAHTb (nanpuMep: kakhmh 6yAyT noc/ieACTBim oiiih6kh, 
AonymennoH npn nepeBOAe peuenTypbi jieKapcTBa; mto moxcct npon30HTii, 
eCAH nepeBOAHHK BMeCTO MHKpOBOAbT Iianiicajl KHJIOBOAbTbl?). 

B nporpaMMHpoBainiH Tai<aa CHTyamia Ao;i>Kiia 6biTb nciuiioMcna - 
nepeBOA AOJiacen 6biTb rapaimipoBainio tohhmm, t. e. TaKiiM, MTo6bi rio- 
AyMeiiiibiH o6i)eKTHbiH koa, KOTopbiii 6yAeT iicriojiiiarbca, nojmocTbio 
cooTBeTCTBOBaA 3aAyMannoMy HCXOAiiOMy KOAy. IIomtii niiicorAa ner bo3- 
mojkhocth nepeBOAHTb HCXOAHbiH koa pa3iibiMH cnoco6aMii, CMOTpeTb, 
MTO 113 3TOTO nOAyMHTCfl, H Bbl6llpaTb nOAXOAAIUHH Bapiiairr: II3AO cpa3y 
nepeBOAHTb npaBHJibiio. BeAb nporpaMMbi KOiiTpoAHpyioT mhokcctbo 
B aauibix npoueccoB (npoii3BOACTBO, Boopy>Keinoi, cncTCMbi >Kii3iieo6ec- 
neneHHfl, pacnpeAeAeinie 3HeprwH, kocmoc, cBH3b, Tpaiicnopr, (|)Hiiancbi), 

II MbI A0A>KlIbI 6bITb yBepeilbl, MTO o6beKTHbIH KOA B TOMIIOCTII COOTUCT- 
CTByeT TOMy, mto 6buio 3aAyMano uporpaMMiicroM. 

B npoipaMMupooanuu zoeopumb o CMbicjie npoipoMM cnedyem ocmoiii- 
pumejibuo smo nonsimue tvioxo (j)opMana3ye. mo. flonpodyume, nanpuMep, 
damb ycmpauaaioiyue ocex onpedenenusi cjioo «juoooob» ujiu «uadejicda». 
Kqk onpedejiumb nonsimue «Mencdy»? IIoMiiume, urno onpedensieMoe ne 
dojiJtcno ucnojib3oaambCsi 0 mene onpedenenusi, unoue nomjuumcsi nopou- 
nbiu xpyi! AnajioiuHUbie 3 ampyduenusi oomuKaiom u co cjiogom «CMbicjt». 

R rnaonenuu c ecmecmoenubiM si3btK0M 0 btpa 3 umejibiibte cpedcmoa oie.x 



ouenb uacmo neounujuu'tt'n 
Ho 3 amo 6naiodapn juium « 


w «iiedocrnamKOM » ecmecmeenno/o >i3btKO, ezo us- 
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6bimoHHOcmu u uctawnenustM , y nac ecmb Jiumeparnypa u noosusi. Tan umo 
omcymcmeue a6cojiiomnou cmpoiocmu nopou coeceju ne nnoxo. 

B o6jiaCTH TpailCJIHUHH H3bIK0B npOrpaMMHpOBailllfl HMCIOTC51 CBOH, 
h BecbMa pa3BHTbiH, MaTeMaTHMecKHH annapaT (BnpoMGM, BnoAiie Aocxyn- 
HbiH BCHKOMy iierAynoiviy MCAOBeicy), cboh xepMimojioniH h cboh cnoco- 
6bi peiueHHH 3a^aM. Mbi ne CTaneM b 3 xoh icnure Aaxce nbixaTbca c/itviaib 
neB03M0^H0e, a nosTOMy orpainiMiiMca jihiub iiaqajibiibiMH cbcaciiiimmii, 
AOCTaTOMiibiMii &JW. Toro, MTo6bi noriHTb nocjieAyioiuiie iipHMepbi. 

fljia nanajia na\i nonaAo6nxcH oaiio Baaciioe nonaxiie - Konemibiu ae- 
moMam (kopotko KA), a Tomiee - AexepMiimipoBaiiiibiH KA. 

Ecmb eiye u nedemepMunupoeanubie I<A, u onu mo Me aao/aibi, no Mbi 
oipammuMcn 3decbJiuuib demepMunupooannbiMu KA. 


HecMOTpa na MajiOBpa3yMiixe;ibiioe (rionaMajiy) iia3nainie, npaicixiMe- 
ckh KA 0i<a3biBaeTca BecbMa npocTbiM n, rjiaBiioe, y/uiBiiTe/ibiio nojie3iibiM 
MHCTpyMeHTOM. OcuoBiioe iia3iiaHeime KA - pacno3iiaBaTb uenoMiai chm- 
bojiob. HeKOTopbie H3 TaKHX uenoneK CMiixaioxca npaBiiJibiio c(|)opMiipo- 
BannbiMH (hah AonycTHMbiMM); ocTajibiibic uenoMKH KA 6yAex oxBepraxb. 

Bee 3 to, Koneniio, ne 6ojiee neM c;ioBa, noaxoMy paccMoxpiiM npocxoii 
npiiMep: a ana uenoMKa H3 Oh 1, nan ucainibix b jiio6om nopHAKe; nenow- 
Ka aonycKaeTCH, ecjin b new coAepxaixca neMexiioe kojiiimccxbo e/iiiium. 
04eBiiAiioe pewenne: 3aBecxH cnex^HK aah iio;iCMexa KOJiHMecxBa e/ui- 
hhu c nanajibiibiM 3Ha4eimeM 0 (nocKOJibKy b na i ia/ie npoue/iypbi pac- 
ri 03 naBamia euue iih oahh chmboa ne 6biji npoMiixaii). Bchkiih pa3, kofab 
b ueno4ice Bcxpe4aexca eAHinma, 3iia4eiine c4ex4Hi<a yBe;iii4iiBaerca na 
1. Ecjih bch neno4Ka ripo4nxana, a 3iia4eiiHe C4ex4inca ne4exno, xo 3xa 
ueii04Ka Aonyci<aexca, Hiiane - oxBepraexca. Ho mbi peuuiM ary 3aAa4y 
nna 4 e, c iicnoAb30Baniie KA. 

KA w ia pemeinia 3 xoh 3aAa4ii 3aAaexca 04eiib upocxo. Ka>KAbin uo- 
Bbiii chmboji H 3 MeH»ex cocTOHHHe KA. Hoboc cocxoamie 3aBiicin or re- 
Kymero BXOAiioro CHMBOJia h xeKymero cocxoamoi n mo>kcx 6bixb 3a;uuio 
(pyuKiyieu nepexoda (o6o3iia4HM ee 6yi<B0H A). 


A (MET, 0) -- MET 

A (HEMET, 0) -•* HEMET 

A (MET, 1) -► HEMET 

A (HEMET, 1) MET 


To eci'b ecjm xeKvmee cocxoamie KA - axo MET n o i iepcvuioii nwi 
BO ;i - 3to 0, to KA ocxaexca b tom >kc coexoamm, 11 x. ;t Ha'iajibiioe co- 


^ / 
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CTOHHHe KA - 3TO, KOHeMHO, COCTOHIIHe MET (upOMinailO CIIMI 30 - 
jiob, a uyjib - MeTHoe hhcjio). Ecjih KA ocTanaBJiiiBaeToi b coctohiiiih 
HEMET, to nenoHKa AonycKaeTca. TaKoe cocTonmie imbiBaerai a onyc- 
KaiomiiM. Ecjih KA ocTaiiaBJiiiBaeTCA b coctoahhii MET, to tbkoc coctoa- 
mie na3biBaeTca OTBepraiomiiM. PaccMOTpuM nenoMKy 10110101. B hch 
C0Aep>KaTCH 5 eAHiinu. IIocmotphm, mto na\i «ci<a>KeT» KA: 


HenposmaHHafl sacTb 

CocTOflHne KA 

10110101 

MET 

0110101 

HEMET 

110101 

HEMET 

10101 

MET 

0101 

HEMET 

101 

HEMET 

01 

MET 

1 

MET 

(nycTo) 

HEMET 


MTaK, KA 3aKaiimiBaeT pa36op ueriOMKii b cocTOfinini HEMET, n, cjic- 
AOBaTe/ibHO, uenoHKa 10110101 AOiiycKaeTCH. 

06biHHO KA 3aAaeTca Ta6jinueii. HanpHMep, jxJifi tojibko mto paccMor- 
peniioro KA 3Ta Ta6jiHua 6yAeT BbirAaaeTb thk: 



0 

1 

MET 

MET 

HEMET 

HEMET 

HEMET 

MET 


3n,ecb: 

O CTOJl6ubI IIOMeMClIbl BXOAIlblMH CHMBOJiaMH (0 ii 1); 

O cTpOKH cjieBa noMeMeiibi ciiMBOJiaiwn coctomiiiih; 

O nepBbiii ajieMeiiT Ta6;nmbi - nanajibHoe coctomiimc; 

O Ta6;uma coctoht H3 ciimbo;iob noubix cocToamiri, Koropwe coot- 

BCTCTByiOT TCKyiUCMy COCTOflHIIIO (CJICBa) II BXOAlIOMy CIIMBO iy 

(cBepxy); 

O cTpoKii cnpaBa noMCMeiibi ciuviBOJiaMii 3 aKJiioMii re;ii>m>ix cocioa- 

miii (1 - /lonycKaiomee, 0 - OTBCpraiomee). 

Mo)kct iioKa3aTbca, mto iu\n peuieiina TaKoii npocTon 3a;iaMii K, co- 
aepuieuMO hc uy*en. 3to bc P ho, h b aanHOM cjiynae mu npeKpacuo moivhi 
o6oin neb u 6ea Hero. Ho nacaMOM AeJie KA Mpesuu-iamio mo. kuiiu I Ia- 
iipiiMep lOKCHHecKite aHaJiioaTopbi (cKa.iepu) TpauoiaropoB ooummo 
e i posncfi iiMCMiiio i<ai< KA. Boaee roro, cymecrnyioT i. umpoKo ucno.ib 
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3yiOTca yTH/niTbi, KOTopbie no oiuicaiuuo rpaMMaTHKH «3bii<a (o Koropbix 
nyTb HH>Ke) MoryT aBTOMaTHHecKH C03AaBaTb CKanepbi 11 Aa>xe ciiirraKcii- 
necKHe anajiH3aTopbi. H3BecTiibie miiothm h BecbMa nonyAnpiibie pcry- 
Aapiibie Bbipa^Keiinn (regular expressions) - sto to>kc KA. 

Ho KA, yBbi, He MoryT cnpaBinbcn co bccmii npo6;ieMa\ni rpancvia- 
Uhh. Hanpniviep, KA ne cmoxcct pa3o6parb uerioMicy BMAa 0 m l m jxm npo- 
H3BOJibuoro m. ripimnna 3Toro BiiOAiie OMeBiiAiia - y KA nex cnoco6a 
y6eAMTbcn b tom, mto mhcjio eAUium coBiiaAaer c mhcjiom ny;ien. Bee, mto 
MO>KeT KA, - 3to MeiinTb CBoe cocToniinc b 3aBiiciiMOCTH or TeKymero 
CMMBOJia n TeKymero coctohhhh. Mo>kiio CKa3aTb, mto KA «ne iiomiimt» 
npouiAoro. /Inn npOH3BOJibnbix 3naMeiniH m ji 10 6 oil KA 6eccn;ieii. Ewy 
nero-TO ne xBaTaeT, no Hero? 

Co6cTBenno, TOJibKO mto otbct y>ice 6bui Aan: KA «ue noMiniT» upo- 
mjioro, t. k. y nero iict naMUTii ajim xpaiieima iieobxoAHMon nuc|)opMa- 
UMH. IlojiyMaeTca, ecjin Mbi AobaBiiM KA naMATH, to, mo>kct 6birb, 011 
CTancT 6o;iee ymiBepcajibUbiM? 3 to npaBHAbnan riinore3a. /JaBaiiTe ao- 
oaBiiM k KA naMHTb, h nycTb 3T0 6yACT naMATb, cooTneTCTByioman auc- 
UMnjiHue LIFO, t. e. ctck. Ho a^im nauajia BcnoMiniM, mto b cboc BpeMM 
Mbi bboauah necKOJibKO ociiOBiibix onepaunn naACTeKOM (a mmciiiio push 
u pop). Ho 3TO eme ne Bee. Mbi co6npaeMC>i o6beAiuuiTb KA co ctckom, 
u uaM nouaAo6iiTca eme necKOJibKO onepaunii. CnaMajia Mbi nx upocro 


onHiueM, a uo3>Ke nocMOTpwM b acmctbhh. 

A ih MaiuiiiyJinpoBaiina coAep>KUMbiM uepiuniibi creica Mbi dbcacm one- 
paumo 3aMeiibi replace (ciiMBOJibi). 3Ta onepamui BbiTajiKHBacT3JieMeirr 
na uepunme ctckb 11 npoTajiKHBaeT b CTeic yKa3amibie ciiMBOJibi. Haripn- 
Mep, replace (abc) 3KBiiBajieiiTuo nocjieAOBaTejibiiocTH onepaunii pop, 
push (a), push (b), push (c). TaiaiM o6pa30M, onepauiui replace - npocro 
vaoGhoc coKpatueniie noc;ieAOBaTejibiiocTn onepaunii pop u push. 

HaM iioiimio6>iTC>i eme ABeouepauun, no 11 a otot pa3 nan BxoAiioii ue- 


iiOHKOH Onepamm shift (cAunnyTb) oanaMaer npoAiuiweiuie i< cvie/iyio- 
mewy chmbo i\ uenowr, onepauiw hold (flep*aTb) 03naMaeT, mto Hyaoio 
npOAOJDKKTb o6pa6otKy TeKymero CHMBOJia Uciiomkii (t. e. muo>K/iaTb). 

B upeAblAymeM npMMepe KOHeii BXOAHOii ueiiOMKU oiipeACJUi.'icu ueca- 
\iiim k \ a 111 >01 p,iMM(m,eropeaAii3yK)meii. Ho hhhto ne MeuiaeT bbccth 
npoBCpKy na KQiieu uciiomkh b caM KA. Mhojkcctbo ciimboaod. Koropbie 

K \ cnoco6en pacnoaHasaTb,wuiMBaeTCH ero a«/>a<mmou 

BOT reiicpi. mu mojkcm cocxamixb KA, Koropuii 6 >mct h coctohimhi 
paSofipaTk uenoMKy 0-1“ Jinn nporciBWibHoro m. 3 tot KA oyner hc- 
ho. ib.job.i rb CTCK b-aK uaMHTb >1 ynpaanaxb axon naimm.io. HanoMim 
mto chmho.'I I- o6oanaMaeT am, CTCKa. Chmbo ji Bfl» ofioanaMc-mo, mima 
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BxoAHon CTpoKii uc HMceT iiCManioro iipeaciaiLieima, no mm moacm no 
3aMemm>, iianpiiMep, chmbojiom ■ Konemibm auTOMaT. Aono.niemibui 

CTCKOBOli IiaMHTblO, Mbl 6\'ACM Ha3blBaTb CTCKOBbl.M UBTOMaTOM ( II.Ill, CO- 

KpamciiHO, C-aiiTOMaroM). 3iOMy C-amoMaTy cootbctctbnct me.iyio- 

maa ynpaojiMoiu,Qx ma6jiuu t a\ 



0 

1 

B 

X 

replace(ZX) 

pop 

NO 


shift 

hold 


z 

NO 

pop 

NO 



shift 


[ 

NO 

NO 

YES 


3Aecb nonaAo6«TCH nei<0T0pbie noaciieiuiH. ynpau/iHioinaa rao.uma 
AJia C-aBTOMaTa neMiioro OTJiimaeTm ot Ta6anm>i a. im KA CacBaywajaiibi 
CHMBOJibi CTei<a (b npeAbiAymeM iipnMepe 3Aecb 6bi.ni yKaaaiibi niMno.ibi 
coctohiihm); BBepxy - CHMBOJibi bxoahou hciiomkh. /loiiycKaiouuic ( YES) 
h OTBepraiomne (NO) coctoaiuoi abaaiotca MacTbio rao.miibi B iickoto- 


pbix HneHKax Ta6Aiiubi neo6xoAHMO Bbino;imiTb oncpanmi (b yKaaamioii 
nocjieAOBaTejibiiocTu). L lTo6bi 3 to ctajio oo.icc nonanibiM, AaBafnc npo- 


BepHM pa6oTy C-aBTOMaTa 11 a KOiiKpcTiioii nenoMKc, iianpiiMep 000111 


HenpoMmaHHafl nacTb 
000111B 
00111B 
0111B 
111B 
111B 
11B 
IB 


CTeK 

X 

Z X 
Z Z X 
Z Z Z X 
111 
1 1 
■ 1 


(uenosKa 000111 AonycKaeTco) 


riepea HaHcUioM pa6oTbi b CTei<e flormeii iiaxoAHTi.oi chmiioji X. On 
BbinojniaeT pojib Mapxepa roro, mto C-aBTOMaT liaxofliiTca u npouecce 
CHHTWBaiiMH ny/ieii: bchkhh pas, Koraa hs bxoahoh ct P oku CMm uiiacTca 
0 3 tot X 3 aMeimeTC 5 i na napy ciimbojiob Z ii X. rioc;ie roro i<ai< uy;iii 
b uenoMKe saKaimiBaioTca, Mapitep 6o;ibuie ne nyaceii (/rajibmc nynen ne 
aojiauio 6biTb). Hy a aaxeM Bee npoircxoAHT rax, khk mm y*e ne pas bii- 

AeiiH paiibiue. 


n 
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Eiue oauu npiiMcp C-aBTOMaia. Hco6xo/uimo npeo 6 pa 30 Barb npoiii- 

Bo.ibnyio uenoMKy uyjieii 11 cahhhu b neno i ii<y Bii/ia l'"0 n , t. c. uenoMKa 

01101 AO.a>KHa6biTb iipeoopa30Bana b 11100. Bot ynpaBJimoiuan rao;iima 
TaKoro C-aBTOMaia: 


0 1 


0 

push(0) 

print 

print 


shift 

shift 

hold 

1- 

push(0) 

NO 

YES 


shift 




HenposmaHHafl nacTb 
011011 
11011 

print (1) 

1011 

print (1) 

011 

11 

print (1) 

■ print (0) 

■ print (0) 


CTeK 
■ 0 

I- 0 

■ 0 
■ 0 0 

• 0 


3/iecb onepauHH BbiTa.Jii<iiBaiimi 113 CTCKa pop 3aMcncua onepamieH 
print, KOTOpaa nenaTaeT co/iep>KHMoe Bcpinniibi cTCi<a, a 3axe,M paooxacT 

KaK onepauHH pop. 

Bee mabKO mto paccMOTpeiuibie onepamin Moryr 6biTb pemeiibi npo- 
me, 6e3 ncnojib 30 BaiiHfl KA h C-aBTOMaroB. JXjui i iero uaM xpann b 11 a mix 
Bpexm h CHJibi? TyT Mbi Bbiny>KAeHbi ii3Bmmxbca: iiama 3 aziana cocToajia 
lie b xom, 4xo6bi Aaxb ociiobbi xpancimmin n3biKOB nporpaMMiipoBanmi 
(axo coBceM /jpyra# xe\ia) w npHNiemieMbix 3/ieci> mcfoaob, a b iom, m ioobi 
b naMHXM mixaxejm OTJioxauiacb Mbicjib, mxo xaKiie iviexonbi cymeciByioi. 
3 th MeTOflbi 3aMeHaTejibHO yHHBepcajibiibi 11 iipnro/mbi /via pemeiimi 

mnpoKoro KJiacca 3a,aaH. 

Tenepb noroBOpiiM o rpaMMaTHKax h o tom, i<ai< 3a/iaiOTca (oimcbma- 

lOTCfl) H3bIKll HpOrpaMMHpOBailHfl. 

Hto6m o6ecneMHTb tomhocti. nepeBOfla, hsmkm nporpaMMiipoBa- 
1,1151 CTpeMUTCH onpe;iejnm> i<aK mojkho tomiicc A6co-[io'nia>. tomhocti, 
b fiojibminicTiie cJiynaeB ne flocnoKiiMa, ho oto to, k mcmv c.'ieaycr cipc- 

MHTbCfl. 


a 















96 ❖ 3aAasM, npneoAsiiui/ie k creKy 


KaK mohcho onpeAejiHTb H3biK nporpaMMiipoBamifl? Konc'mo, npc;v 
Jl0)KUB ero oiiHcaiiHe. Ho xyx B03iuii<aex npo6jieMa - TaKoe oiipcvitvieimc 
naAO AeJiaTb na y*e HMeiomeMcn H3bii<e, t. e. Ha ecxecxBcnnoM! A on, khk 

Mbi 3HaeM, lie 0AH03iia4eii. 

fljiA Toro HTo6bi o6ecneMHTb ciporocTb onpeAe/ieniin, ml,i mo>kcm npn- 
6ernyTb k noMomn MaxeMaxiiKH, d HacTnocxn cnoco6y nepe/iaBaxb nonn- 
th« b CHMBOJibHoii ())opMe. /JaBaiixe riocMoxpiiM, KaK axo AeJiaeTCH. 

HanneM c npiiMepa: npimeAeM (])opMajibiioe onpeAejiemie ii/ieimi(|)n- 
Kaxopa (HMeH ajih noAnporpaxiM, KJiaccoB, iiepeMemibix). 

B jho6om yHe6HHKe no nporpaMMiipoBainno mm npoHxew, l ixo «n/xen- 
xw(J)HKaxop - 3xo nocjieAOBaxejibiiocxb 6yKB h mi(j)p, naMHiiaiomancn 
c 6yKBbi». To ecxb nocjieAOBaxejibiiocxb abc - axo imeimulniKaxop, a #abc 
hjih a#bc - nex. A Kai< 6y^ex Bbirjin/iexb c])opMajibiioe onpe/iejienne n/ieii- 
xnc{)HKaxopa? HanpHMep, xaK: 

<ID> <LETTER> {<LETTER>|<NUMBER>} 

<IETTER> ::= A|B|C|...|Z|a|b|c|...|z 
<NUMBER> ::= 0j1j2j j9 

06paxnxeBiniManne, 4 x 0 oripeAejmeMoe,x. e. ID,3aKjno4eno b yivioBbie 
cko6kh. 3xo xaK na3biBaeMbrii nemepMuitaji. On, b cboio oncpeyib, oripe- 
Aejinexcn b xepMHiiax Apyrnx nexepMiinajiOB (LETTER n NUMBER) 
oahhm ii3 AByx cnocoboB: jih6o axo 6yi<Ba (LETTER), jiii6o sto oyioia, 
3 a Koxopon cjieayex npoii3BOJibiian nocjie/ioBaxe/ibiiocxb 6yi<B hjih mi(|)p 
(NUMBER); chmboji «|» MHxaexcn i<aic «hjih», a (|)iirypiibie cko6kh 0311 a- 
naiox, 4 x 0 3anncaniioe b i-ihx neo6n3axe;ibiio 11 mokct 6biib onymeno. 

HexepMHHaji LETTER - axo hjih A, iijih B h t. a. no 6yi<Bbi z bicjiiomii- 
xejibno. HexepMHHaji NUMBER - 3 to hjih 0, hjih 1 11 x. n- no mi(|)pbi 9 
BKJiiomixejibiio. Bee 6yi<Bbi (A, B, C, ...) 11 nucjjpbi (ox 0 no 9) — mepMuiia- 
jibi. TepMiiuaJibi 3anncbiBaioxca kbk ecxb, x. e. 6yKBajibiio. 

HexepMimajibi - axo Kaxeropun, Koxopbie onucbinaiox ucjibie ioiaccbi. 
I<a>KAbiH nexepMHiiaJi pano hjih 1103 /uio aoji>kcii 6birb 3aMCiien xepMima- 

jiaMii. 

Ueiniocxb xai<oro po/ia onpeAeJienun - nc cxojibko b KpaxKoexn ( 4 x 0 
caMO no ce6e xopomo), ckojibko b xom, 4 x 0 noHBjniexoi B03MO*uocxb 
iipHMeiMTb k anajiH3y a3bii<0B nporpaMMupoBaima expome Maxewaxn- 
MecKHe MeTOAbi h ziaxce cxpoHXb 11 a nx ociiobc nporpaMMbi- rpancvuixopbi. 

HcnoJib 30 Baimaa Bbime <])op.\ia 3anHCii iiociix na3Baiiiie BNF, hjih 
(J jopMa Bai<yca-Haypa (Backus n Naur), no cpaMiuiiHiM BiiepBbie upca- 

jiOKHBuinx axy (|)opMy cnemiajincxoB. 

3aMenibme, umo na neKomopbte oonpoc, smo onpedenenue udenmuQu- 
xamopa omeemoo ue daem. Hanpimep, po.vu.uammcs, :iu udeumu^Hanw- 
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piw < 3 ti <10C r U(i\ntstavvh<H kq.i 

t nycniiis urcHtnmpiiKfimojM ? ilpu pa.ifHtOor 
MO t/MUfTthiSOTtlb SCC (f)(IKT7IO/)bi, (kl.Wf tY\f. ()\y 

WUOfUU HCffl. 

noAiioro omicamia H3i>iKa ne xaaTatrr to.ii>ko nfxieu .i (a Tropim 
TpaHCl^UHH H 3 blKOB lipoi'paMMlipOBailllH o 6 blMHO lOOOpHT O nfMM' l/KUU 
sl\ ) IlpoAyKmiH — 3 TO yKaaainie iia to. ksk 113 o.imiix hciiomck ciimihuou 
mo)kho no.iyMaTb Apynic hciiomkii ciimboaob (bckopo \in paccMorpiiM 
npitMep, h CTancT noiiHTiiee, mto tekoc npoavKium). 

ATenepb, no-uiOTbi pa^H, Mbi npiiucACM no.iiioc oiijk u.umiiu toio k.\k 
3 aaaeTCH ipciMMamuKa « 3 biKa. rpaMMamica 3 a.xaeTc* 

O KOiiemibiM MiioxcecTBOM HCTepMiina^oB; 

O KOiiemibiM MHOJKeCTBOM TepMllliaAOB*. 

O MHOHCeCTBa HeTCpMHHa/lOB II TCpMlllia.lOB Hi HCpCCCKaiOTCB 
O KOiiemibiM MHOJKCCTBOM npO.lVKUIUI Biua < \> -► a I u <A> 
HerepMHHaJi h a - uenoMKa Tep.\ntiia.TOB n hcu pmiih.liob (mo.m t 
6 biTb nycran); <A> - CTO ACBaa sac n. iipaniLia. a a iipanon Macn* 

npoAyKUHn; 

O OAHH 113 HeTepMHlianOB BblACACH KaK liaMa.1bllbHI 
3 to onpeaeJieHHe 3aaac*T t. ii. Konmt'Kcmno-coo6o<hn/K) // )<l\l\uwiuki / 
(KC-rpaMMaTHKy); mtotukoc KC-rpa.MMaTiiKa ii k.ikik uiu ccti* rpa\i.Ma* 
TiiKH, Mbi 3;xecb o6cyacAarb uc 6yACM. /locnnoMiio toio. mto no.laaiHio- 
mee 6ojibiuniiCTBO B3biKOU iiporpaMMiipouamui uuaeroi iimcmiiio raKu 
mh rpaMMaTHKaMH. 

3aMe4aTeAbiio 3/iecb to. mto aKKypaTiio onpoae icmibie rpaMManikii 
AonycicaioT aBTOMaTiiMecKiiit paa 6 op (TpancjiBuiiio) >ui»ikoh. u kotopom, 
pa3yMeeTC«, oiiHTb n oiiHTb iiobbji>ictcb iiaui /io6pbiii ii iiiuc/Kiibiii apyi 

CTeK. 

Ha 3 TOM Mbi 3aBcpmaeM rioc;ie;uimi puayicvi iicpnoii mbctii Kimrii. Mm 
nOHHMaeM, 4TO 04eHb MHOTHC BOIipOCbl OCTaAHCb 6C3 O l bc ra Kaic, l.aiip.. 
Mep, CBH3aiibi Me>KAy co 6 oii rpaMMUTHKii n c ickii * Kai< c i po>i u m t ooim i 
cTByiomne C-aBTOMaTbi? KaK iipoiicxoAiiTTpaiic/iaiuifl iicxoahoi-o ko;u»V 
Kai< npoBepACTCH cootbctctbi le rpaMiuaTHKii KoiiKpcnibiM koiictpvkuii- 
hm B hcxoahom KGAC? KaK 0 6 pa 6 aTbiBaioTca iicpeMciiuwe? Kan 
erca naMHTb? KaK He npii 3TOM ncnoAb3yioTCH ajiropiirMbi? KaK oopaoa- 
TbmaioTca ouim6kh? KaK reuepiipyeroi o6bCKTHbin koa? H tbk abacc... 

Otbctli iia 3 th Bonpocbi, k cojKaJieiimo, uc npocTU n m>ixo;ui r 3a pau- 
KH OCIiOBHOM TCMbl KIIHIU. Ho OHM AOCTOli.lbl BllllMaillf* »« TOIO. M.OOM 

noTpaTHTb iia hx H3y4enne chaw h npeMB. 

I 







98 ♦> 3aA3Hl/l, npHB0A91LilMe K CTeKy 

3a 60Jiee noapo6noii HH^opMamiefi o Koiiemibix auroMaiax, pacno- 
3HaBaTejiax, rpaMMaTHKax h xpaiicjiflmiH n3biKOB nporpaMMiipouainiM 

CJieAyeT o6paxinbcn k 6n6jinorpa(|)HH, k Koxopon mw m aApecveM Mirra- 

xeaen. 

BaKAiOHeHne 

Hy mto )Ke, Mbi upoAe^ajiH ncMajibin nyxb h penman Miioro mrrepeciibix 
3aAan. Bee 3 xh 3aaaMH 6buin B3HXbi 113 npaKXHKH, mto ao6aBanex y6ean- 

TeJlbHOCTH TOMy, O HCM Mbi TOBOpUJIH O CTeKC BO BBeAeilMIi: 3X0 AeiiCTBM- 
TeJIbHO KpaCHBblH M MOlUHblH IinCXpyMeilX, KOTOpbIM AO/I>KeiI BJiaACTb 

nporpaMMHCT. 

Ctck mo5kho paccMaxpiiBaxb Kaic naiviflxb e oco6on, BpeMeim ii xapai<- 
xepwcxHKOH: cxei< ne npocxo xpannx Aamibie - on xpannx Aamibie c npii- 
BH3KOH no BpeMeim. Hmchho 3xo aeaaex cxei< exoab MoimibiM, no b xo >kc 
BpeMH npocxbiM h yAo6HbiM. 


o 
















Hacrb 


Ot caob - k AeAy 


PacujupeHHasi creKOBasi MaiunHa 

B nepBOH MacTH Knnni hbmh 6wjih npeAcxaBJieiibi oneiib npocxaa xa- 
HOHHHecKan cxexoBatf ManiHHa h ee cncTeMa KowaiiA. Tor/ia >kc Mbi bm- 
hchhjih, hto b xanecxBe npaKTi-inecKoro cpeACXBa nporpaMMHpoBaima 
axa ManiHHa Majio npuroAiia: ee cwcxeMa KOMaim 6e/nia, a cxpyicxypw 
ynpaBJieHHH 3aHaxo4Hbie. TeopexHnecKH ee B03Mt»Kiiocxeii biiojiiic ao- 
cxaTOHiio, no npaKXHMecKH nporpaMMupoBaime ajvi nee coBepiueimo 
nenpoAyKTHBiio. 

3Aecb Mbi nonpo6yeM ncnpaBHXb neAoexaxKn KaiioinniecKoii cxckobom 
M aiUHHbi H, B3HB 3a ocHOBy ee cncxeiuy KOMaiiA, pa3pa6oxaeM noBbii-i Ba- 
pwanT cxeKOBOH MauiHHbi. ByaeM na3biBaxb xaKyio Maumiiy pacmupen- 
hoh (extended). B KaKiix iianpaBAeunnx 6y^ex hath dto pacmiipeinie? 

J\nn uanajia Mbi 3aMeiiHM cHMBOJibiibie o6o3iiaMeiiii;i iiei<oxopbix one- 
pamiii (xaxnx, iianpHMep, i<ai< !, R>, + h npOM.) 6ojiee npuBbiniibiMH 

MH6MOHIIHeCKHMM, npH6AH3HB HX K XeM o6o3Iia4eiIHflM, KOXOpbie odbIMlIO 

BCTpenaioxcH b acceMdjiepax. 

Tpynny onepaumi Maininy/inpoBamia cxei<0M Aamibix Mbi ocxamiM oe3 

H3MenenHH: 


OnepaunB 

CTeKOBaB AnarpaMMa 

DUP 

I- ... a - [ ... a a 

DROP 

I* ... a b a 

SWAP 

j- ... a b b a 

OVER 

f ... a b-» f ... a b a 


Xoth cymecTBYiox n apynie onepamm. HMeiomiicc* nexbipc "oicpw- 
Ba.o. Co/ib.iiimcTBO cJiyMaeB. Ec,n neo6x W .Moerb b APy™* oncpaunux 

























100 ♦> Ot CAOB - K A0AV 


Bee ace B03HHKHeT (npoK/ie Bccro 3TO KOMaiiAbi umcnwiecKoii nepecTa- 
hobkh BepxHHx Tpex ajieMeHTOB CTei<a Aamibix mu MTeinie npon3Bojib- 
uoro BJieMeHTa CTeica), to hx neTpy/uio peajiH30BaTb, no mu nc naiieM 

3Aecb ototo AejiaTb. 

H 3 CHCreMbl KOMaHA KailOHHMeCKOIi CTCKOBOH Mammibl MbI IIOAIIOCTblO 
aaHMCTByeM apn(j)MeTH4ecKiie h AoniHecKne onepanun (b cKoonax npii- 
BGAenbi npe>KHHe o6o3iia4eiiHH), a Taicxce Ao6aBHM neicoiopbie nojie3iibie 
n nacTO BCTpenaiomnecH onepamin: 


Onepaunn 

CTeKoeaa anarpaMMa 

ADD (+) 

|- ... a b -*• |- ... a+b 

SUB (-) 

[ ... a b -•* [ ... a-b 

MUL 

[ ••• a b-» |- ... a*b 

DIV 

|-...ab-*-|-...a mod b a/b 

NE6 

|- ... a -a 

ABS 

|- ... a ... |a| 

AND 

|- ... a b -► |- ... a&a 

OR 

|- ... a b ■» [ ... a|b 

XOR 

|- ... a b -► |- ... a A b 

SHL 

|- ... a -► h ... a*2 

SHR 

|- ... a —► h ... a/2 


B micjio noBbix apnc})MeTHHecKiix onepamni bxoaht yMiioicciiue MUL, 
AeJiemie DIV, a TaioKe NEG h ABS (ii3Meneniie 3iiai<a n a6coAioTiiaA ue- 
jni4Hiia HHCJia iia Bepiumie CTCKa cooTBCTCTBeiino). OncpamiB /lejicmia 
ocTaBJifleT na Bepiumie CTei<a nacTiioe, a noA hum - ocTaToic ox acviciiihi. 
Bot ne6o;ibmoH npwviep Hcnojn>30BaiiHH KOMaiiAbi DIV: 


21 

4 

DIV 


21 

■ 21 4 
• 1 5 


(b npaBOM KOJioHKe yi<a 3 aiibi coctohuihi crei<a noc;ie BbinoAiieinui Kaa<- 
Aoii KOMaiiAbi nporpaMMbi; ecjin licxoAiibie i nic;ia acjhi itb naucjio, 10 

ocTaTOK, paBHbiit 0, TaioKe 6yAex npoTOAKiiyT b ctck). 

Kp()MC Toro, Mb! Ao6aBHJin onepanun apn(|)MenHiecKnx cabiu ob bjicbo 
11 Bn pa bo 11 a OAHii paapaA (mto, cootbctctbchiio, paBiiocHJibiio .vmiio>kc- 
KMK) HAe icnuio 3iia4CUiia na BepiHHHe CTCKa na 2): b coMeTannn c ;ioni- 

4CCKHMI1 onepamiHMH OHM I103B0AB10T IipOH3BOAlITb AOCTaTOMllO C.IOA- 

itbie MaiiHnyjumHH c AamibiMM. 

y>KC iiMOiomuecn KOMaiiAbi Aaior uo 3 mo>kiiocti. ,.cn«. jMyAiipoBarb 
npocTbie M Macro ncrpc^uomuecA aana-m. ZlonycniM, uaM hco6xoahmo 


o 
























PacLUi/ipem-iaa creKOBafi Mawt/iHa ♦> 101 


o 6 uyjiiiTb (oMHCTHTb) sjieMeiiT na BepiJimie CTCKa; rjiy 6 mia cicKa ue 
AOJDKua MeHHTbca. 3to mo>kho c^ejiaTb, iianpuMep, raic 

DUP 0 

SUB M/lM MUL 

(nepBaa onepamia AeaaeT Konmo nncjia iia Bepuiinie cTeica, BTopaa - na- 
xoaht pa3iiocTb, KOTopaa, KOHeaHO >Ke, 6yAer hckombim 0). 

A BOT KaK MO>KIIO yBeJIIIMHTb MAH yMCHblllHTb 3IiaMCIIIie lia BCpIIIlIlie 

CTeKa na 1: 

1 1 

ADD m/im SUB 

rioica iiaiun H3MeHeiiiia b cncTeivie KOMaiiA iiochah AOBOAbiio «koc- 
MeTHaecKHH» xapaKTep h ue BiiecAii iiHHero npnimnniiajibiio noBoro 
k TOMy, hto y nac 6 biJio npOK^e. Ho cennac 6y/xeT n nea ro cobccm iiobog. 
3to HOBoe KacaeTca CTpyKTyp ynpaBJieima. 

HanOMHHM, HTO B CHCTeMe KOMailA KailOIIHHeCKOH CTCKOBOIi MaiUHHbl 
eAHHCTBeiiHOH CTpyKTypOH ynpaBJieiina 6bi;ia onepamia IF. 3tb onepa- 
una, MarKO roBopa, ue cahuikom yAobna h n/ioxo «npncnoco6aena» aaa 
peajiH3auHH pa3AHHiibix TiinoB nepexoAOB. O/nia-e/ninciBeiinaa npoBep- 
Ka (0 hah ue 0 ) ciuibiio orpamiMUBaeT h Bbinyac/iaeT bboaiitb b nporpaM- 
My aoboamio neecTecTBeinibie KOiiCTpyKmm. Cennac Mbi aro nonpaBHM, 
BBe^a BMecTO oahoh onepanHH IF neibipe iiobbic. Onua 113 mix - one¬ 
pamia 6 e 3 ycaoBHoro nepexo/ia, ocTajibiibie xpn - onepamw ycaoBiibix 
uepexoAOB. Bee ohh npeACTao/ieiibi b caeAyiomen ra6anne: 


Onepanufl 

CTexoBan AMarpaMMa 

BR 

[ ... addr 

BRN 

|- ... flag addr . 

BRZ 

|- ... flag addr . 

BRP 

[ ... flag addr [ ... 


Onepamia BR (branch) BbinoanaeT beaycaoBiibiii nepexoa no aapecy 
na Bepimme CTeKa, t.c. sxaonepamia ycTaiiaBJuiBaeT memory [PC] = addr. 
Ca\i aapec nepexoaa M3 CTei<a BbiTaaKiiBaeica. IIukukiic ycaoBiia iipn 

3tom, paayMeeTca, lie npoBepaiOTca. 

OcTMbHbie T P H onepauHH - BRN, BRZ h BRP - pa6o T a.oT ammorm,- 
no BR ho c oahiim cymecTBeHHbiM OTJiiiMneM. Karwiaa H3 btiix oiiepauiin 
OKimaer B cxeKe flBa SMMemW aapec nepeflan11 yiipaBJiemm (addr) na 
Bepuiinie CTCKa u yCJiOBHe nepexona flag no;i nci.. Onepaim* nP°**P»- 
eT ycjioBiie nepexona; eenn ycaoBue nepexoaa Bbinon.meTC* (Mcnbun 0 , 
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fVIBMO 0 IUH 6o.1bUIC 0 COOTBCTTTBCmio). TO OUCpaiUlfl BblllO 11041* i Ml |M 

umv ynpaiufenH*. Ecjih yaiOBiie ncpexoaa tic Bunaiiinemi. to (>\ u 
ucno iHUTbo* cieflyiomaji 3a onepamieit nepexooa onepauiiM Bur 
CHMomi, BbinojimiTCH ycAOBitc ncpcxo^a 11.111 hot. 11 yciohiic nepcxo.i 
11 aapec nepexoAa 113 ctcku BbixaAKiiBaioTCH. IItbk tciicpb mu moai 
B bmojiHHTb b nporpaMMe iicpcaaMii ynpaaieiuia 60 /iee •cctit tbciihum 


anti 


cnocoooM, 3 aBKOTUUiM ot aiiaHemtfl (Juiara. 

Oncpamiii ynpaBJiCHHfl no/inporpaMMaMii. 6 c 3 vc.iobmo. owerib 110- 

JlC3Hbl (oilll I103B0JIB1OT (j)OpMlipOBaTb CTp\ KTY p\ liporpaMMU. paj.lt IBM 
ee 11 a He6ojibiune OTiiociiTejibiio caMocTOHTe-ibMbic mo.iv.iii). 11 mu ii\ 
ocraBJiHeM b Harnett cwcTeMe kombiia 6 c 3 H3Meiieiuitt: 


OnepaunB 

CTexoBaa AnarpaMMa (DS) 

CTexosaa AxarpaMMa (RS) 

CALL 

... addr 

[ ... -* (• ... raddr 

RET 

6e3 M3MeHeHnii 

... raddr 


KaK h cjieAOBajio o>Kii/iaTb. onepauna C VLL ikuooiio oiupamui BR. 
o>KHAaeT 11a Bepiumie ctckb a;ipcc iiana-ia no.inporpa.MMu Hoc ic bmiio.i- 
lieHHfl onepaunH CALL dtot aApec buTcUikhb*utch na ctcku. Om pamoi 
RET o 6 ecne i niBaeT B 03 BpaT 113 noAfiporpaMMu. npiicuaiiiiaB PC maMC- 
Hue aapeca B 03 BpaTa, iiocjic Hero aapcc BoaapaTa 113 <. TCK*a noanparon m>i- 

TajiKHBaeTCH. 

Onepaumi >R 11 R> BCCbMa no.nc 3 iiu (ecvm, koiicwiio. npiiMciom> n\ 
aKKypaTiio, o new ml>i roBopium npn omicaimii KaiioniPiecKoii ctckobou 
MauiHiibi), noaTOMy mu nx ocTaB.uicM 11 u iiauictt chctcmc komuiu, na- 

MeHHB TOJIbKO MHCMOHHKy: 


OnepaquR 


Ct 6K0B3B A^arpaMMa (DS) CTexoaaB A^arpaMMa (RS) 



(DTR h RTD o3iiaMaior, cooTBeTCTBeimo, Data lo Return 11 Return To 

Data). 

Tenepb o6paTHMCfl k onepanmiM pa6on>i c na.M>rri>io (nanoMiniM, mio 
b cwcTeMe KOMaHA KauoHHHecKoft cTCKouoii MauiHiibi 3TO 6 bum oiiepamm 
1 H @). Hx o6men ocobeimocrbio hbjihctcb muimme 11a Bcpiiiimc ctcku 
ABHHbix UApeca, 110 KOTopoMy iiyacno coxpamiTb lum npoMHTUTb Aaimwe. 
3tot a/ipec Aonxceu 6 biTb H3BecTeii no Toro, kuk 6ynyr Bbinomieiibi oiic- 
oamrn ! h CjieAOBaTejibiio, AOJiaceii 6u ri> MexaimaM /via oiipcACvicnmi 
nyjKHbix aApecoB naMHTH w nx npoTajiKMBanmi b ctck. 3to mowct n,i 1 i» 

npo6;ieMon. 


a 

































Pacuji/ipeHHaq CT 0 KOB 391 MawuiHa ♦> iob 


Konenno, aapec naMfini mo>kiio 3aAaTb HenocpcACTBcnno b uporpaMMc 
KaK MHCHO H npoTOJiKHyTb ero b CTeK onepamieii LIT 3to pa6oTaei. no 
iiporpaMMHCT AOJDKeii 3HaTb 3tot a/ipec naMHTH na srane cocTaBJieima 
nporpaMMbi. Ecjih nporpaMMa H3M6HHTC5I (b iieii iiojibhtch hobbic (|)par- 
MCHTbi hjih, naoGopoT, hto-to 6yaeT yAajieno), to lie Hcianoneno (a cko- 
pee Bcero, HMemio Tai< h 6yAeT), mto stot a/ipec H3MennTcn. KpoMc Toro, 
nporpaMMa naHHiiaeT 3aBnceTb ot stiix a;ipecoB; tiotom nx 6y/ieT cobccm 
ne npocTO H3MennTb. Oahhm cjiobom, 3aAana onpe/ie/ieinni a/ipeca ria.M>i- 
TH MO)KeT OKa3aTbCH OHeHb HCTpUBHaJIbHOH. MbI lie 6y/lCM MCIHlTb CGMan- 
THKy onepaunn ! h a3a#aMy onpeAejieiimi a/jpecoB nawimi nepejio>KHM 
c nporpaMMHCTa na KOMnbioTep. Pa3 MHCJieinibie 3iia i ieiina a/ipecoB tbk 
mjih nuane naao oripezieJiaTb, to nycTb othm «3aiiMeTcn» komiibiotcp (icaic 
HMemio onpe/teJiaiOTca riymibie a/ipeca, CTaiieT acno nyTb rio3>Ke). Ho- 
Bbie onepauiHH pa6oTbi c naMHTbio npe^cTaBjieiibi b cjie/iyiomeii raojinue: 


Onepanna 

CTeKOBaa fluarpaMMa 

SAVE 

|- ... n addr . 

LOAD 

[ ... addr n 


Onepauna SAVE oxuiAaeT na BCpLuinie CTCKa aamibix a/ipec naMam, 
a noA new - Aamibie, KOTOpbie neo6xo/uiMo coxpamiTb. Oiiepamia LOAD 
omwaeT na Bepwmie CTeKa a/ipec naMaTii, H3 KOToporo nyacuo 3arpy3HTb 

flaruibie b ctck. 

Tenepb aapec naMATii AOJi>Ken 6biTb onpe/xejieii bo b p e >i a Tpaiicaamin 
nporpaMMbi, t. e. aBTOMaTnaecKH. I<ai< HMemio 3 to nponcxoflirr, mm you- 
AHM b oahom H 3 cjieAyioumx pa 3 /ie;i 0 B, a TaioKe b hcxoahom kojxg Tpanc- 
aaTopa (cm. npiuioacenne). 3ziecb mm iiecKOJibico 3aoerae.M uriepe/i, rai< 

mto noKa upHMeM 3to na Bepy. 

HaM ocTaaocb paccMOTpeTb cobccm ncMiioro oriepaunn. Macrb 113 mix 
npeACTaBJiena b cae/iyiomen Ta 6 anne: 


Onepaunn 

CTeKOBaa flHarpaMMa 

NOP 

6e3 H3MeHeHMM 

IN 

I- ... — I- ... n 

OUTN 

I- ... n -+ [ ... 

OUTC 

[ ... n 

HALT 

6e3 M3MeHeHnii_ 


Onepamui NOP (no operation) osmuiaeT omniero ne AeAarb». TaKaa 
DOSMOJKiiocTb, up.i Kaacymeiica 6eccMb.CAem.ocT.., Macro 6b.«aeT noAea- 
uoii Onepamui IN (input) iiosboajict opra.maoDarb npocTi.mnu. 
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V Qt CAOB - K AeAV 

co 6 BBOAa Aamibix (a HMemio - miceji) b cTeic 113 xoiicoaii bo bpcma 11 c- 
nojmeHHH nporpaMMbi. Onepamm OUTN h OUTC (OUT as Number/ 
Character) pacnenaTbiBaioT b kohcojih 3iia i ienHe ajieMeirra 11a Bepunme 
creica Aamibix, cooTBCTCTBeiuio, xax miicao ham xax cmmboa. Oocac bbi- 
noJiHeiuiH onepamm OUTC nepeBOA CTpoxn ne npoH3BOAHTcn. 3ro 

n03B0JIHCT (})OpMHpOBaTb CTpOKy H3 BbIBOAHMbIX CHMBOAOB. TOI'O 

MTo6bi BbinojiHHTb nepeBOA CTpoxn, ny>KHo yi<a3arb cnemiajibiibiii ynpaB- 
AHIOIUMH KOA (10) H BbIBeCTH erO KaK CHMBOJI. Ba>KlIO nOMIIMTb, MTO BblBO- 

AHMoe 3HaneHne, xax o6biMiio, yAaAneTcn H3 ciexa Aamibix. 

OnepamiA HALT ocTanaBAHBaeT Hcnojiiiemie nporpaMMbi. 

Mbi hckjiiohhjih H3 CHCTeMbi xoMaiiA oiiepamno LIT 3to MO>KCT IIOKa- 
3aTbCA neAoriiMHbiM: xaxuM o6pa30M Tenepb mo>kiio 6yAeT npoTaAKimaTb 
b CTex 3apanee onpeAejiemibie 3iiaueiuiA? Oueiib npocxo: mbi cACAaeM 3tii 
3iiaHeiiHA nacTbio nporpaMMbi (Bbime, ripn o6cy>KAeiuin xoMaiiAbi DIV, 
Mbi npHBejin cooTBeTCTByiomnii npiiMep). TaxiiM o6pa30M, ecAii b npo- 
rpaMMe BCTpeTHTcn miicao 10, to oho 6yAeT aBTOMaTHMecicn npoTOAiciiyTo 
b CTex Aamibix. IIpaBAa, TyT ecTb oAna TouxocTb, cBA3ainiafl c oTpima- 
TejibiibiMH MHCJiaMH, o xoTOpoii Mbi paccxaxceM, xorAa 6yAeM oniicbmaTb 
pa6oTy TpancAATopa. 

HaM ocTajiocb paccMOTpeTb eme abc onepamm. Hx 3iia4HM0CTb ne- 
OMeBMAna, no nopoii ohh MoryT oxa3aTbcn ne3aMeiniMbiMii: 


OnepauMH 

CTeKOBan A^arpaMMa 

LPC 

|- ... ->• |- ... PC 

DEPTH 

(■ ... “► r .. • n 


Onepamm LPC (ot Load PC) npoTaAXimaeT ua Bcpuiimy ciexa Texy- 
mee 3 na 4 einie nporpaMMiioro CHCTuiixa. Onepamm DEPT H ripoTaAXii- 
BaeT na Bepmmiy cTexa Aamibix ero Texymyio iviy6iiiiy. Ecvin CTex Aan- 
iibix iivct, to onepamm DEPTH ocTaBUT b CTexe 3iia i icinie 0 (noc.'it ucro, 
pa3yMeeTCH, ctcx Aamibix yxte ne 6yAeT nycTbiM). EaxiiM oopaao.M mbi ,mo- 
>kcm nporpaMMiibiM cnoco6oM ripoBepflTb ctck Aamibix ua iicMepnaime. 

TaxoBa ciicTCMa xoMaiiA pacumpeimoii cTexoBoii Mawmibi. Ona ne- 
ckoabko 6o/ibUie paccMOTpeimoii pauce ciictcmbi xoMaiiA xanoiimiecKoii 
cTeKOUoii Mamimw. npeau/tymaa nepciiii cncxeMU KOMau/i 6w;ia oonee 
KOMnaKTiroii. no neyAoCiioii; MHonie yxH/mxapnwe, no nojiea.ibie one- 
paunn b neft oxcyxcxBOBajm. HoBaa n aonojinennaa ciicxenia Kowaiw, 

6e3Vc;iOBiio, ropa3AO npaxrmmee. 

l lecKOAbKO CJIOB - o pewHMax a/ipecaniin pacumpeimoii cxckoboii m.i- 
uiniibi. Mb. CTapajincb CAeaaxb xaK, hxo6.,i .. xpanoiarop, „ i.inep.ipcxa- 




















TOp nO.lYMH.THCb MdRCItMtl.lMIO lipOCTbIMlI. IIOJTOM) OUT ll|X M 

lnuib Menocpc.iCTBcuMwrt pexciiM supecamm (npii Koropo* aocryn k io- 

AepSKIIMOMy HMCIIMI HaMBTII OCVmCCTB.lHCTCfl HHKO. T e IIO HOUCpY IL 1 II 

aapeey atoit smeiticii, yica3aiiiioMy b uporpa.MMe). 

UeHHOCTb H3biKa nporpaMMiipoBaima b koiicmiiom cm n onpe.ic-im i 

CB TeM, liaCKOAbKO 3 TOT B 3 bIK lipitrOACII AAfl pCllICMHH ja.Ul '1 Paj\ MCl fi H 
bo BC 6 M HyxcHa Mepa; ne cjieAycT iibiTaTbca onpc.ie.inTt> h \uk ran. mto- 
6 bi npeAycMOTpeTb b hcm Bee, mto tcopcthmcckh moact noiiaaooirTboi 
3 to nonpocTy neB 03 M 0 )KH 0 ,11 Tanaa noiibiTKa owcrpo npcupariiT noooii 
B 3 blK B CJIOJKHyiO, rp 0 M 03 AK\ f K) It HeyAOOHYK) KOHCTpYKHIIK) B H JUKI, 
MT 06 bl OH MOT CHHTaTbCB CCJ 1 H HC IlpCBOCXOAHblM. TO \OTH 6 bl IKX 1 C 3 IIUM 

neo 6 xoAHMO HMCTb AOCTaTOMiio no.iiibui (ho hc loobiTOMiibiii) tiaoop 


KOHCTpyKUHH, a TaioKe B 03 MOXcnocni t 1103 bo.ibio tunc paciuiipiiTb >tot 

H 3 blK B HyXCHOM HanpaB/iemni. 

Ha 3 tom Mbi 3 aBepniHM oniicaiiiie chctcmw komaiu pai iimpcnnon ctc- 
KOBOH MaiUHHbl. TenCpb HaCTailO BpCMfl HJYMHTb VCTpOiicTBO Tpam 1 HT 0 
pa, ho juin nanajia, 11a npHMepe npocTon iiporpaxiMu. nocxiOTpiiM cum 

pa 6 oTbi cTeKOBoii ManiHHbi. 

nepeasi nporpaMMa 

Hn>Ke npeACTaB^en ncxo/iHbiii koa nauieft iicpsoii iiporpa.MMbi 

MmmMMMM*wmMUM*Mmim»******mM**9**»mm******u**** 

# (DaKTOpna /1 n! (HepeKypCMBHbw cnoco 6 ) * 

###########################»##»»######»»####»#»»»«»»»»»»»»»*»«» 


1 

IN 

ABS 


; BeecTM mmc/io n (= cseTHHK) 


# OcHOBHaa sacTb nporpaMMbi 
:loop DUP 


; CseTSMK noBTOpeHHM == 0? 
; Aa, OCTaHOBMTb 

; Konufl 

; cseTHMKa 

; fact * count 

; BOCCTaHOBUTb CHeTHUK 
; yMeHbUJUTb cneTHMK Ha 1 


exit 

BRZ 

SWAP 

OVER 

MUL 

SWAP 

1 

SUB 

loop 


; flOBTOpHTb 
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❖ 


# Bwboa pe3y/ibTaia 

:exit OROP 

OUTN 

HALT 


; /Imiuhmm cseTMMK noBTopeHMfi 
; BbiBecTM pe3y/ibTai 


#################### KoHeq nporpaMMbi ######################### 


3ia uporpaMMa npe/yiaraeT bbccth b koiicojih mhcjio h naxo/uiT ero 

4)aKTopHaji. 

Chmbojibi # h ; c;iy>KaT npH3iiai<aMH KOMMeirrapiieB: Bee, mto cacavct 
3 a hhmh jxo KOHua CTpoKii (BKJiiOMaM iix caMiix), nrnopnpyeToi. 

Mbi npoKOMMeHTHpoBajiH i<a>KAyio CTpoicy nporpaMMbi, no, komchmo, 
Ha npaKTHKe ne ctoiit 6biTb nacTo;ibKo MiiorocjioBiibiMH; AocraroMiio 

KOMMeHTHpOBaTb TOJIbKO TO, MTO AeHCTBHTeJIbMO Iiy>KIIO. 

Ecjih 3anycTHTb CTeKOByio Maminiy na ncnojincnne (i<ai< HMenno aro 
AejiaeTca, Mbi paccKaweM b npn;io>KeiiHii) h yi<a3aTb mmii ncxo/uioro <J)an- 
Jia, coaep>Kamero 3Ty nporpaMMy, to 6yACT BbiBeaen c/icAyiomnri nporo- 
koji (to, mto bboahtcm no;ib30BaTejieM, Bbwejieno noAMepKnoannaMn): 


+++++++++++++++++++++++++++++++++ 
+ Assembler for ToyStackMachine + 
+++++++++++++++++++++++++++++++++ 
Source file name: fact 
Parsing (pass 1): ok 
Parsing (pass 2): ok 

OBDECT CODE 


000000 

1 

000001 

-26 

000002 

-12 

000003 

-1 

000004 

14 

000005 

-20 

000006 

-3 

000007 

-4 

000008 

-9 

000009 

-3 

000010 

1 

000011 

-8 

000012 

3 

000013 

-18 

000014 

-2 

000015 

-27 

000016 

-40 










SYMBOL TABLE 


nepea^i nporpaMMa 


♦> 
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EXIT 000014 

LOOP 000003 

Run... 

Number: 10 
3628800 

Program completed 


CONTENTS OF 
[ EXIT] = -2 

[ LOOP] = -1 

dsp = -1 
rsp = -1 
pc = 17 
cycles = 119 


(t. o. (J)aKTopHaji 10 paBen 3 628 800). 

npOTOKOJT coctoht H3 HecKOJibKHX pa3Ae.40B. OrimueM iix no nopAAKy. 
IIocAe BBOAa MMenH HCXOAHoro cj)aii ji a (fact) naMiuiacTca TpancjiAmiA 
nporpaMMbi. Ecjih TpaucJiAiiHA 3aBemaeTCA ycncuiuo (t. e. b iicxoahom 
KO^e neT ouim6ok), to renepupyeTCA h bmboahtca b Koncojib o6-beKTiibin 
koa (object code). OdbeKTiibiw koa pacne4aTbiBaeTCA b bhac AByx ctojio- 
UOb: b acbom - aApeca ochobiioh naMATii, b npaBOM - odbeicriibiH koa. M3 
axon pacnenaTKii bhaho, ato o6i>eKTHbiH koa cobccm uedojibiiioH: Bcero 
17 A4eei< naMATM (c 0 no 16). 

B hcxoahom KOAe hmciotca abc mctkh, ica>KAaa 113 Koropwx imiuia- 

CTCA C ClIMBOJia AB 0 CT 04 HA (:). MeTKH II 03 BOJ 1 AIOT COIIOCTaBMTb HMClia 
(nepeMeiiiibie) aApecaM naMATH. Tai<oe conocTaBAeiiHe 3 anoMimaeTCA 

B lie6oAbLUOH, HO HCKJ1104HTeJIbII0 B3>KII0H TabjIHUC - TabjIlIUC CIIMBOJIOB, 


KOTOpaA TOACe BblBOAIITCA B KOIICOJIb. 

Haoepnoe, 6bUio 6bi npaoujibitee na3oamb 3my rmiojuuyj npocrno maojiu- 
u,('u MemoK, no no ucmopimecuuM npununaM ucnojibjyemcsi mepMun mao- 


uuju CUMGOJIOQ. 

B Tabjume chmbojiob, KaK h b odbCKTiioM koac. Ana cro;i6na. B Jie- 

IOM - HMClia MeTOK, B IipaBOM - COOTBCTCTByiOUUie HM aApeca IiaMATII. 

[aKUM o6pa30M, ii3 Ta6;iHUbi chmboaob mm, k npiiwepy, bhahm, m ro mci kc 

‘xit cooTBercTByeT a#pec 14. 

3ua4cmie mctok neB03MO*HO nepeouemiTb: mo*iio cmcao cnasaib. 

1TO 3TO CUMblH HOAeSHblH 3JICMCHT AAA nporpaMMHpOBaillW na aCtCMOJ'lt 
K' Mctkh ocBo6o>KAaK)T nporpaMMHCTa ot yTOMitTCJibiioii n ncupo.o s 







108 


♦> Ot caob - k AeAy 


THBiioH pa6oTbi OTC^OKHBaHHfl aapecoB u ynexa iicno;ib3yeMOH naMnm. 
BMecxo roro nxo6bi caMOMy cjieAHXb 3a tcm, Kai<ne u nporpaMMe ncnojib- 
3yioxcH a^peca, Mbi npocTo cna6>KacM MexicaMH uy >ki ibic Macxii nporpaM- 
Mbi, a Bee AaJibHeuiuee - 3a6cnra xpaiiCAnxopa. 

3axeM nporpaMMa naHHiiaex HcnojniflXbCH. B Konco;ib BbiBo/uiTc>i 
npuniamenHezuifl BBOAa Miicjia, ([jaKxopiiaji Koroporo ny>Kiio BbnnicAiixb. 

Flo 3aBepmeiiHH pa6oTbi b Koncojib Bbioo/urroi pa 3 iioo 6 pa 3 iian no;ie 3 - 
liaa HH(J)opMauHH: coAep>KHMoe cxeKOB Aamibix h B03BpaT0B (ecjiii xojib- 
ko ohh ne nycTbi), coAepaciiMoe aApecoB naMaxn, mui KOTopbix hmciotca 
MeTKM, 3HaMeinia ocuoBUbix perncxpoB m, iiaKoneu, o 6 mee miicjio iuikjiob 
Bbl6opKH H HCnOJirieiiHH KOMailA. 

Bch HH(j)opMauii5i, BbiBOAHMaa b upOTOKOJi, OMeiib noAe3iia (oco6eiuio 


ecjiH onbiT nporpaMMiipoBaiiH>i min cxei<OBon Mammibi ne Bejimc), n xoxn 
ee mo>kho OTicjiioHHTb, Biiecn coBceM ne6ojibiiioe H3Meneinie b ncxoAHbin 
koa ctckoboh MauiHiibi, mw nacxonxeAbiio lie peicoMen/xyeM axoro a CAaxb. 

OnHCbiBaTb, KaK h Men ho axa nporpaMMa BbiMiic/ineT c|)ai<Topnaji, Mbi 
ne cTaneM. Ha caMOM jxene nporpaMMa oneiib npocxa (b neii (|)aicxiiMecKH 
peajui3yeTcn anajior uHKJia co cmcxmhkom, npiiMCM cmctmhkom Bbicrynaex 
miicjio, (l)aKTopnaji KOTOporo Hmexcn). CaMbiH jiyMWiiu cnoco6 iionnTb, 
hto 3Aecb npoHCXOAMT, - nonpo6oBaTb pa3o6paTbcn caMocxoMTejibiio. J\j\n 
3Toro ny>Kiio «npoHXHCb» no i<a>KAOii icoMan/ie 11 na Ka>KAOM mare Bbinn- 
caTb coAep>KHMoe cxeica Aamibix ao h noc;ie onepamm (b otom Bapnanxe 

noAnporpaMMbi h, CAeAOBaxeAbiio, cxei< B03Bparoo ne iicnojib30Bajincb). 


Hyxb no3>Ke Mbi noKa>KeM eme iiecicojibKO npuMepoB iiporpa.MM jxmi na- 
ulich cxeKOBOH MauiHiibi. Bceaxn npiiMepbi iiaMepeimo upocxbi; nx nejib - 


ne cxojibKo naynnxb iiporpaMMiipoBamiio cxckobom Maunnibi (nporpaM- 
MiipoBaumo Boo6me ne;ib3a iiayHMXb, a mo>kiio Aiiuib noMOMb), cKOJibKo 


npCAOCxaBUXb pHA o6pa3noB, OTxajiKiiBaacb or Koropbix, mojkiio noupo- 
6oBaxb peiunxb Apyrne, 6o;iee Hirrepeciibie, no h 6o;iee cjio>i<iibie 3aAawn. 


KaK pa60TaeT TpaHCAsrrop 


CeiiMac Mbi KparKO oinimeM pa6oiy i pancjisnopa pacuinpeiiiion ctckoboh 
MauiHHbi. 3to omicaime npii3Baiio noMO'ib tcm 'iirraTCjisiM, kto aaxoMei 
BHecTH b rpancjiarop h miTepnpeTaTop ctckoboh Maunnibi ii3Meiicmni 
(iianpiiMep, iioubic onepaumi, peaciiMbi a/ipccawm, cpe/icrua ot«kh, 
rpacciipoBKii, B03M0aui0CTb c6opKH nporpaMMbi H3 pa.wjibiio Tpaiic.m- 

pyeMbix Moay/ieii h lipo'i.). 

' Hcxo/inbiii koa pea-inaaumi paciimpeimon ctckoboh Maunnibi bk.iio- 
>iacr u ccCh uccro 5 (JiafiaOB h aamiMaeT b pacnewaTaimoM bhac iicmhoi iin 
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6ojibiiie 700 CTpoK na «3biKe nporpaMMiipoBaumi Java. 3to couccm ue- 
Muoro. npaB/ia, Tai<an KpaTKOCTb 6buia Bbiiiy>KAeniiOH: jkcjiub coxpaiinTb 
HCXOAHblll KO^TpailC./Ifiropa IIOHHTHblM H JierKO o6o3pHMbIM, Mbi AOJIXCIIbl 
6bi.in no>i<epTBOBaTb phaom none3iibix B03M05KH0CTen, KOTopwc oobinno 
BCTpenaiOTca b acceM6nepax. Bo;ibinyio nx aacTb AoOainiTb cobccm ne 
rpyfluo, ho oco3naHHO Mbi lie CTajin 3xoro /lejiaxb (no npuHimaM, h3ao- 
HcemibiM Bbirne) h noTOMy npeA0CTaBjiae\i HUTaTeaio npaBo ii3\ieiiaTb nc- 
xo^Hbie KOAbi no CBoeMy ycMOTpenmo. 

Knacc ToyStackMachine.java 

B 3tom miacce HaxoAHTcn TOHKa bxoab, c KOTopon nannnaeTcn iicnojnie- 
HHe nporpaMMbi, t. e. mctoa main. Cnanana 3anpawHBaeTcn hma c])aii;ia 
c HcxoAHbiM KOflOM nporpaMMbi (cm. mctoa getFilcName). 3aTCM coAcp- 
acHMoe 3Toro (Jianjia (cm. mctoa loadSource) cmiTbiBaercn b cnncoMiibiii 
MaccHB (o6i>aBAeHHbiH Kax Array List <String>). OcymecTBjiaioTca 
neKOTopbie THnHHHbie npoBepKH ripn pa6oTe c (|)aiuiaMii; ecjm oiiim6ok 
lie 6buio, to 3arpy>KeHiibiH hcxoahwh koa nepeAaeTcn acceMdaepy jxjui 
TpancAauHH. 


Knacc OpcodeTable.java 


3to onerib npocTon KJiacc, b kotopom iiepenncaeiibi Bee onepamm, bxo- 
Aflimie b CHCTeMy KOMaiiA ctckoboh Maw hum. EAHiicTBennan ToiiKOCTb 
CBH3ana c KOABMH onepamm: Bee onn - uejibie OTpimarejibiibie nncjia. 
BcnoMiniM, 4T0 iiecKOJibKO paiibme Mbi roBopn/in o tom, 4TO c orpima- 
TCJlbllblMH MHCJiaMH B MCXOAUblX KOAaX OpOI'paMM AJIfl CTCKOBOI I MaWHIIbl 


uaAO 6biTb BHHMaTeAbHbiMH. Cemiac Mbi oObHCIIIIM, IIOMCMy TaK. 

KorAa niiTepnpeTaTopy b oObeianoM koac «BCTpe4aioTcn» neoTpima- 
TeJibiibie MiicJia (t. e. 0 h nojio>KHTe/ibnbie), to 3th micjia cpa3y x<e npo- 
rajiKUBaiOTCH b ctck Aamibix (HMemio rai< n nponcxoAHJio bbiiiic b npn- 
xiepe c onepauneii DIV). Bot noneMy b ciictcmc KoisianA naiucn Mainniibi 
iiex onepamm LIT, KOTopaa npncyTCTBOBa;ia b KaiionmiecKon ctckoboh 


Maimme. 

Ho Koi'Aa miTepuperaTopy b o6bei<TiioM koac «BCTpeaaiorca» o rpima- 
Te/ibiibie niiCJia, on nbiTaeTca conocTamiTb nx c KonaMii onepamm- Ecmi 


aro cMy VAaercn, to onepauiin Bbiiio/macTCH. 

nvcTb, iianpuMCp, b o6i>cktiiom KOAe BCTpeTii;iocb hhcjio -8. OOpa- 
THBUlHCb K KOMM Oliepamiii. Mbi BHflHM, 4X0 3T0My 4HCJiy COO 113 CTCTByCT 

onepamoi SUB (ubonixamte). Tenepb mixepnperaxop nbixaexca ubiiio.i- 
,[„ Tb 3T y onepaumo (koiicmho, npii yuiOBWi, to b ctckc Aamibix iimciof- 

CH XOTH 6bl ABa MHCJia). 
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Ho ecJiH HHTepnpeiaTopy b o 6 i>cktiiom Kojie bctpcthtcm miicjio -57, 
to rcuepb bcc ropa 3 ,ao xy>xe: HHCJiy -57 ne cooTBercTBycT mi o/uioii one- 
PaUMH. Hto Tenepb aejiaTb niiTepripeTaTopy? 3/iecb cctb Tpn Bapnama: 

J\\\6o HTHOpHpOBaTb 3TO MHCJIO, JIIl6o npOTOJIKIiyTb ei'O U CTCIC AaiUIblX, 

^1160 3 aBepuniTb pa6oTy nporpaMMbi c owh6koh. 

Mbi Bbi6pajiH nocjieflHHH BapnaiiT, t. c. 3aBepineime paoorbi nporpaw- 
Mbi. IIoMeMy? HmopHpoBaTb TaKoe miicjio 6biJio 6 bi nejioniMiibiM: pa 3 
mhcjio ecTb b hcxoahom KOAe, to olio 6buio j\jih Hero-TO naniicaiio. J\j hi 
M ero - ne iiohhtho, h jiyHwee, hto TyT mohciio cjiejiaTb, - npe/uio>Kn ri> 
nporpaMMHCTy eme pa3 nopa6oTaTb c hcxoaiimm ko/iom. FIpoTajiKiiBaTb 
b CTei<? Toace BapwanT Tax ce6e: Kaiaie-TO MHCJia na ca\ioM /icjie coor- 
BeTCTByioT onepauHMM h Bbi3biBaiOT aeHCTBHH, a Kaxne-To noMCMy-To hct 
h flOJDKHbi nonacTb b ctck aaiiHbix. CTpaiman npinnuienni. 

riosTOMy ecJiH b ctck aamibix iiyxcuo 3anecTii oTpimaiejibiioe mhcjio, 
to Jiynuie BOcnojib30BaTbCM onepamiei’i NEG, a b hcxojjhom KOjie ncnojib- 

30BaTb TOJIbKO nOJIO>KHTeJIblIbie MHCJia. 

B CBM3H C 3THM Mbi paCCKaJKGM 06 O/UIOM npOIpaMMIlCTCKOM TplOKC, 
KOTOpbin, OAnaKO, peKOMenjiyeM Hcnojib30BaTb jiniub b iiciunoMiiTejib- 
Hbix cjiynanx, t. e. Tor/ia, icorjia iniKaKHx zipyrux BapnaiiTOB pemeinni 3a- 
AaMH y>xe neT. PaccMOTpHM cjiejiyiomyio nporpaMMy: 


40 

■ ... 40 

NEG 

■ ... -40 

1000 

... -40 1000 

SAVE 

• • • 

1000 

■ ... 1000 

BR 



Hto npoH 30 MAeT nocjie Hcnojineinni onepauwH 6e3ycjioniioro riepexo- 


jia BR na ajipec 1000? AaBaiiTe noayMaeM... 

BiiaMaJie Bee npocTo: b ctck /lamibix iipoTajiiaiBaeTca nojioxcuTejibiioe 
mhcjio (40), it H3MenaeTca ero 3iiaK. 3aTCM 3to miicjio (t. c. -40) coxpa- 
HaeTca b naMaTH no aapecy 1000. Ilona iinnero «KpHMiinajibiioro». Ho 
uot ynpaBJieHiie noJiynaeT oncpanna BR. C Bcpuimibi cTeica juunibixcnn- 
MaeTca a/ipec nepexo/ia, nocjie nero ynpaBJieinie fiepcaacrca no ajipecy 
1000. A TaM. KaK Mbi homihim, naxo/unca miicjio -40. noci<ojii>i<y mhcjio 


oipimarejibiioe, TO HHTepnpeTaTop cMiixaer cro koaom onepamni H nbi- 
laeioi oiipcACJiiiTb, KSUKOft HMeHHO onepamni 3TO miicjio cootbctctbvct. 
3to mhcjio cooTBCTCTByeT onepamni HALT, n nporpaMMa aaBepmaci 
CBoe ncnojuienne. Mohcct, ran h 6i>ijio aaflyiuano, no 6<wibiuc noxo/in r na 

ouin6Ky. 
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H eme oahh BecbMa pacnpocxpaiiemibiH cnoco6, no na ;nor pa:i cbh- 
3 an h bin c H 3 MeiieiineM creiiepupoBamibix 06'beK'riibix koaob. 

06-beKTiibie KOAbi nooie xpancAnmm 3arpy>Kaioxc« b ocnoimyio na- 

MflTb H 3aHHMaiOT B H0H H4CHKH C aApeCaMH OT 0 AO HCKOTOpOH BCJIIiMMHbl 

(cKa^KeM, b npHMepe namen nepBoft nporpawMbi o6beKxnbiH koa 6 biji 3 a- 
rpy5KCH b HneiiKH c aApecaMH ot 0 ao 16). Hhmxo ne Memaex H 3 McimTb 
coAep>KHMoe aio 6 oh H3 3THX mieeic caMoii >Ke nporpaMMC ciioco 6 om, no- 
Ao 6 iibiM TOMy, mto 6 wji npimeAen Bbiiue. Tai<an nporpaMMa na 3 MBaexcn 
caMOMOAHC^HunpyeMOH. B o6biMiibix yc;iOBiiax neobxoAMMocxb 13 noAob- 

HblX MOAH([)HKamiHX npaKTHHeCKII OXCyXCXByeX, riOOTOMy C./ICAyCT 6bITb 
BHMMaTejibiibiM: M02KH0 noTpaniTb Maccy BpeNieini h ciiJi, ribira^icb no- 
HHTb, noneMy nporpaMMa He pa6oTaeT hah pa6oiaeT nenpaBiuibiio. Bm- 
boa 3Aecb npocTon: nepeA TeM i<aic npn6eraTb k xaiciiM MCTOAaM, Aymne 
eme noAyMaTb h noncKaTb Apyroe pemerine. B riocAeAyiomcM, npn ii3Me- 
neiiHH nporpaMMbi, axo oi<ynnx h ycHAim, h BpeMn. 

Ecah BHHMaTeAbiio npncMOxpexbcn k KOAaM onepamiii, ro bhaiio, 4x0 
MeacAy onepamiHMH -31 (NOP) n -40 (HALT) ocxaBAen npoMeacyxoK. 
3 xox « 3 a 3 op» ne CAynaen: b iiero mo>kiio AooaBMrb iiobbic oncpamni. Rnn 
3 Toro, npaBAa, npHAexcn bhccth eme 11 H 3 MeneiiHA b ncxoAnbin (J)aiiA 1111- 
TepnpeTaTopa, 110 06 stom mm noroBopnM iiecKOAbKO no3>Ke. 


K/iacc SymbolTable.java 

3xox iie 6 oAbinoH KAacc nrpaex KAioneByio poAb. 3ACCb xpannxcA ini(|)op- 
MaiuiH o MexKax h na3na4eHHbix KaacAOH Mexice aApecax naMAxii (o6mmiio 
roBopax ne 06 aApecax, a o 3uaneuusix mcxok). B KJiacce peaAH30Bano ne- 
CKOAbKO MexoAOB. MexoA lookupSymbol oripeAeAAex, iiMeexca ah mcxkb 
c 3 aAaiiiibiM liMeneM b xabAtme chmboaob. MexoA putSymbol AobaBAAex 
HH(J)OpMailHK) o MexKe b xabAimy. MexoA getValue B03Bpamaex 3iia i ieinic 
MexKi-i no ee HMeiiH. HaKonen, npocxon mcxoa printSymtable paciicMaxbi- 
Baex xabAHuy chmboaob (ho xoAbi<o b xom cjiyMae, koivui rao-iima chmbo- 
aob nenycxa, x. e. coAepxutx xoxa 6m OAny MexKy); npiiMep pacne4aikii 
MM BHAeAH panee, b pa3AeAe, rj\e obcyxmajiacb nepaaA nporpaMMa. 

HaM ocxajiocb paccMOxpexb nocAeAime ABa K/iacca. 3 ro - caMbie 00 . 11 .- 

ume KAacc M, no ohm AocxaxoHiio npocxbi. 


Knacc Assembler.java 

B 3tom icaacce ocywecTBJifleTCH Tpanoifluiw "Cxoahopo ko/ui b o&i.ckt 
,»a koa. TpaucAMiiiiH nocrpoeiia no KJiaccHMecKOM AByxnpoxoAHOH cxe 
mc. npn Koxopoii hcxoahmu koa mixaexca A«a>KAbi. 
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Bee CHMBo/ibi McxoAiioro Ko/ja uporpaMMbi npeo6pa3yiorc>i Tpanc- 
JiHTopoM b BepxiiHH perncTp. rioaxoMy TpancjiMTop cMHTaeT onepamm 

HALT h halt HAeHTHHHMMH; to >i<e cawoe otiiochtca ii k Mcn<aM: mctkii 
LABEL h label ne OTJiHHaioTCH Apyr ot Apyra. 

Ha nepBOM npoxoAe o6pa6arbiBaioTc*i mctkii. no^iewy iu\n o6pa6oTKii 
MCTOK Heo6xOAHM OTAeJIbHblH npOXOA? ripHMHIia OAHa, HO OMClIb Ba>KIiaH. 

Reno b tom, hto b nporpaMMe mo>kct BCTpeTiiTbca nepe/iana ynpaBAe- 
liiiB no a^pecaM, KOTopbie pacnojio>i<eiibi b CTapmnx a/ipecax naMATM. Ha- 
npwMep, b nporpaMMe BbiHHCJiei-iHH (l)ai<Topnajia, paccMOTpeimon paiiee, 
HMeeTca cAeAyiomnii cj)parMeHT: 


• • • 


exit 

BRZ 


-.exit 


DROP 


J CseTMMK nOBTOpeHMM == 0? 

; A a, ocTaHOBmb 

; /1MIUHMM CMeTHMK flOBTOpeHMM 


3aecb npowcxoAHT nepe^ana ynpaBJieiniH k mctkc exit, KOTopaa pacno- 
Jioxcena me -to HH>Ke. Bmccto hmciih mctkii exit b o6i>eKTiibin koa nyacuo 
noACTaBHTb 3naHeHHe mctkh, t. e. ee a/ipec. Ho 3tot a/tpec neo6xo/uiMO 
cnaaajia onpeAejnrrb, n hmchho aaa aroro nyjKen oTAejibiibin (nepobin) 

npoxoA no wcxoAHOMy KOAy. 

npn BTOpOM npoxoAe reiiepupyeTca obbeicrnbin koa. Tpaiicjnnop 
B3aiiMOAencTByeT c AByMH (cnpaBoniibiMii) Tab^imaMii: c Ta6;nmcii one- 
paunii n c TabAHuett chmboaob (mctok). CaMa renepamia obbeKinoro 
KOAa OMeiib npocTa h cboahtca k noACTanoBKe bmccto iimcii mctok hx 
3naHeiiHH, a bmccto mhcmoiihk onepaunH — nx mhcjiobbix koaob. 

B cymnocTii, Baaciio pa 3 o 6 paTbca c oahhm mctoaom - getToken. 3tot 
mctoa H 3 BJieKaeT H 3 wcxoAnoro koab nporpawMbi crpoicy h Bbi/iejnieT 113 
nee jieicceMbi, t. e. oTAeJibiibie cocTaBAaiomiic. Bcero lipe/tycMOTpciibi 
ufiTb TiinoB JieKceM, 11 dcc ohii ormcaiibi b biiac KOiicrau r b nanajic (j)aiuia. 

Jlymuwtt cnoco6 pa3o6paTbca c TpaiiCAATopoM - BHHMaTeAbiioe 
loyneHHC ero KOAa n aiiaAH3 pe3yAbTaTOB, KOTopbie rpaucjm rop bmbo- 

AIIT B KOliCOAb. 

B bnbAnorpacbnn Mbi yi<a3ajm neKOTopbie Kinini, nocBfliueinibie rpauc- 
jumnii B 3 WK 0 B, noAobi.bix A3bi K y pacuinpeiuioii ctckoboh MamuHbi. Mbi 

pCKOMCHAyCM HMIl B0CII0Ab30BaTbCA. 

TpailCVIHTOp MTOKCT 6bltb AOCT3TOM1IO npOCTO paCI.U.peU B JKCJiaCMOM 
HanpaBJieHMH. B iiero mojkiio bbccth, iianpHMep. AitpeicriiDbi (t. e yi<aaa- 
inni) peaepBHpoBaHiia naMBTH, pasBHHHb.e Pcjkhmh aflpecamm a apoaae 

noAcatibie pacumpemw. 









Knacc StackMachine.java 

3tot KAacc iipe^CTaBJineT co6oh inrrepnpexaTop o6bcianoro koah, koto- 
pbiu 6bui creiiepiipoBaii TpancjiHTopoM. 3to npocTOH, xora u AocTaxoMiio 
o6i>eMKibiH KJiacc. 06 pa 6 oTi<a 06'beKTiibix koaob opraiiM 30 Baiia u bhac 
6o;ibinoro switch-onepaiopa; i<a>KAOMy o6bei<TiioMy ico/iy (t. e. ero oric- 
paTopy) cooTBeTCTByer cboh case-BeTi<a. 

3aecb mm o6cyAHM JiHiiib to, icaic opraiiH30Bana nawaTb n KaK ocy- 
mecTBJiaeTCH ynpaBAenne CTeKaMH Aamibix n B03BpaT0B. IIocmotphm iia 
cjieAyiomHH (J)parMeHT: 

static final int MEMORYSIZE = 65536; // 06beM ochobhoh naMATM 

private int memory [] = new int [MEMORYSIZE], 

dstack [] = new int [256], // CTeK aaHHbix 
rstack [] = new int [256]; // Cie« 803BpaT0B 


private int 


loaded 

dsp 

rsp 

PC 

cycles 


0, // A/wHa o6beKTHoro xo/ta 

-1, // YKaBaTe/ib sepwMHbi CTexa AaHHbix 

-1, // YKa3aTe/ib BepuiMHbi CTexa 803BpaT0B 

0, // IlporpaMMHbiM CHeTMUK 

0; // Hmc/io umk/iob ncno/iHemifl 


3 aecb npeatAe Bcero 3 aAaioxca o6beMbi ociiobhom naMATi-i n ctckob. 
Mbi Bbi 6 pajiH AJia hhx coBceM He6ojibiime micjia, iio nx Bno/me Aoc-raxon- 
ho A-rca pa6oTbi iieTpHBHajibHbix nporpaMM cpeanero pa 3 wepa. Pa3yMccr- 

CH, 3TH BeJIIIHHHbl MOXCHO H3MeiIHTb KaK B 60 JIbUiyi 0 , T3K II B MdlblliyiO 

CTOpOHM. 

CTeKH AailHblX H B03BpaTOB pCaJIII30BaiIbI KaK MaCCHBbl (|) 11 KC h poBa 11 ■ 
noli AJiHiibi. B «nacToamnx» Tpancjiaropax 3 Toro CTapaiOTca H 36 eraxb, 
a CTeKH pa3MemaioT b AHiiaMtmecKOH naMATH. For/ia hjisi creKou oyjiei 

BbiAejieiio CTOJibKO MecTa, cKOJibKO tiyrnio. 

HecKOJibKO cjiob o AOCTyne k BCpmuiie cTei<a (iia npiiMcpc crei<a Aan- 


libix). Ajih Ka>KAoro CTei<a npeaycMOTpen OTAeJibHbiii yKa3axcjib, t. e. 
nepeMennaa, Koxopaa yicaabiuaeT iia Bepumny CTeKa. B nyeroM cre- 
kc yiotfaxeJib CTeKa paBen -1, t. e. (paKiH'iecKii iiiwyAa ire ytca3biBaex. 
npn npoTajiKUBaiiHH iioboto atieMeuxa u cxeK /lamibix yKa3axe.xi> /ioji- 
jKen 6biTb CKoppeKTnpoBan cJieayioiUHM o6pa30M: dstack [++dsp| Hpii 
BbrrajiKHBaitHH aaeMeuxa H3 cxeKa yi<a3axejii> iico6xo/uimo ii3Memm>: 
dsp-. Aociyn k aaeMCHTy Ha nepumiie cxeKa ocywecxaaaexca nocpea- 

ctbom dstack [dsp]. 

M 1 loroMi tcJicu nbie npiiMcpbi padoxbi c yKaaaxcvniMi. ctckob mokuo 


naiint » casc-ucTKax onepaTopa switch. 
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PaciunpeHiie cucieMbi KOMaHfl 

Panee Mbi rouopium o tom, hto MOK/iy onepamiKMii NOP h HALT ociai!- 

new «3a3op», KOTopbiH mojkiio Hcnojib30BaTb turn AofiaBJieiiHH b cncTCMy 
KOMaiiA noBbix onepauHH. Bot i<aK 3 to flejiaeTcn. 

JX onycTHM, naM Hyaena onepauiia ynejiimemifl 3iiaMeiiHa na Bcpiimue 
CTCKa Aamibix na 1 (iniKpeMem). 3 to AencTBiiTe/ibiio no/ie3iiaa onepa- 
miH, h ona BecbMa yAo6na ajih nporpaMMiipoBamifl luikjiob. 

Cuanajia 3Ty onepamno nyaeno «3aperncipiipoBaTb» b ciictcmg ko- 
ManA CTeKOBOH MauiHHbi ((])aHJi OpcodeTable.java): 


optable.put («N0P», 

-3D; 

// HeT onepauuM 

optable.put («INC», 

-32); 

// HHKpeMeHT 

// 3aBepujeHne pa6oTbi 
optable.put («HALT», 

-40); 

// OCTaHOBMTb 


Mbi npocTO Ao6aBJiaeM HOByio KOMaimy, yi<a3biBafl ee miicmoiiiikv 
h ynHKajibHbin koa onepauHH. 

Tenepb iiyxerio iieMHoro nonpaBHTb HinepnpeTarop (StackMachinc. 

java): 


• • • 

// HeT onepauuM 
case -31: 
break; 

// HHKpeMem 
case -32: 

dstack [dsp] = dstack [dsp] + 1; 
break; 

// 0CT3HOBMTb 

case -49: 

System.out.printf ('‘Program completed%n"); 
break loop; 


Tenepb ocrajiocb nepeKOMnwanpoBaTb ncxofliibni koa na Java u npo- 
nepiiTb paGoty TpancJifrropa h HHTepnpeTaTopa na npocroM npimepe. 


10 

INC 

OUTN 

HALT 


Ecjih Bee 6bui0 CACiiaiio aKKypamo, to b koiicojii. 6y;icr BUB«e»o 
tmc.to 11. Bot » Bee - hobbh onepamm Ao6a»Jiena, .. ce mojk.io ucno.it, 
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30BaTb B cbohx nporpaMMax TOMHO Tax >Ke, KaK 11 Te oiiepamm, mto 6bum 

H3HaHaJIbHO. 


flpuMepbi nporpaMM 


Mbi He CTaBHM nepen co6oh uejib HayMHTb nporpaMMiipoBaiimo 11a pac- 
uinpemioH CTeKOBOH Mawnne. Jl a 3 TO, necTiio roBop*i, h iicbo3mo>kiio: 11 a- 
ynHTbca nporpaMMiipOBaiiHio mo>kiio JiniJUb ohiihm ciioco6om - nricarb 
nporpaMMbi. Ho, >Kejiaa o6jier i niTb 3 Ty nenpocTyio pa6o ry, mli ripiiBe/;eM 
necKOJibKO npHMepOB nporpaMM. Mbi ne crpeMiiJiHCb k TOMy, i iTo6bi co- 
CTaBHTb 3 TH npHMepbl CaMbIM OnTHMaJIbllbIM o 6 pa 30 M. B OTCyTCTBIie/IO- 
CTaTOHiioro onbiTa h naBbiKOB Taicne onTHMH 3 npoBaniibie nporpaMMbi 
cnoco6iibi TOJibKO 3anyTaTb iiaHnnaiomux. 

CyMMupoBaHne nocneAOBaie/ibHOCTM nucen 

# HTeHne m c/ioxeHne nnce/i m3 kohcoah, noKa He 6yAeT Bee/jeH 0 

; 0cHO8Ha« nporpaMMa (uhk/i bboab nnce/i) 

:loop IN ; Bboa nnc/ia 

DUP ; Korina 

exit ; AApec nepexoAa 


BRZ 


summa 

CALL 

loop 

BR 


ec/in 0 

Bbl 3 B 3 Tb 

noAnporpaMMy cyMMnposaHna 
Ha Hana/io 
BBOAa Hnce/i 


; 3aBepuieHne pa6oibi nporpaMMbi 
:exit total 


3arpy3HTb 
o 6 iuyio cyMMy 
BblBeCTM 
3aBepiunTb 


LOAD 

OUTN 

HALT 


; lloAnporpaMMa HaKon/ieHna cyMMbi BBeAeHHbix snce/i 


:summa total 


; 3arpy3HTb 


total 

SAVE 

RET 


LOAD 

ADD 


; Texymyio cyMMy 
; npn 6 aenTb osepeAHoe snc/io 
; CoxpaHHTb 
; TeKymyio cyMMy 
; BepHyTbca 


; 3Aecb 6yAeT HaKan/ineaTbca cyMMa 

:total 0 


n KoHeu nporpaMMW 
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3ra nporpaMMa no3Do;meT ubccth b koiicojih npoii3Bo;ibiioe kojiii- 
necTBo hi ice a (Kai< nojiO)KHTejibiibix, Taic h OTpMuarejibiibix) u naimi ux 
cyMMy. YcAOBiie 3aBepmeiinfl - bboa HHc;ia 0. 


CnoKeHne AByx HMce/i (Bapnam 1) 

Xoth b CHCTexie KOMaiiA HMeeTCH onepamia ADD, mu noKaxceM, xaic ocy- 
mecTBjineTCH cjio>KeiiHe AByx mhccji (BTopoe H3 KOTopbix noAOAuueAbiio) 
ApyniM cnoco6oM; o neM mu ynoMHuajiH b nepBoii nacTH kiihiii b pa3Aejie 

o nepeAane napaMeTpoB: 

# HepexypcMBHoe c/ioxeHMe AByx HMcen nyieM npn6aB/ieHHH eAUHuu 


# B TOM 

KO/lMMeCTBe, 

KOTopoe coAepxMTcn so btopom c/iaraeMOM 


first 

LOAD 

• 

} 

3arpy3MTb nepBoe c/iaraeMoe 

: loop 

second 

LOAD 

• 

} 

3arpy3MTb BTopoe c/iaraeMoe 


DUP 

% 

) 

KonMfl BTOporo c/iaraeMoro (a/ih nposepKM Ha 0) 


stop 

BRZ 

• 

} 

nepefiTM, ec/in BTopoe c/iaraeMoe paBHo 0 


sum 

CALL 

• 

} 

nepewTH k noAnporpaMMe cyMMMposaHHfl 


loop 

BR 

• 

) 

Ha Hasa/io umc/ia 

: stop 

DROP 

• 

} 

/lHuiHee c/iaraeMoe 


0UTN 

• 

BbIBOA 


HALT 




; noAnporpaMMa cyMMUpoeaHHa 

:sum 1 


SUB 

; yMeHbuiHTb 

Ha 1 BTopoe c/iaraeMoe 

second 

SAVE 

; coxpaHHTb 

ero 

1 

ADD 

; yse/iHHHTb 

Ha 1 nepsoe c/iaraeMoe 

RET 

; B03BpaT B 

ocHOBHyto nporpaMMy 

; c/iaraeMbie 
:first -10 
:second 3000000 



# KoHeu nporpaMMbi 




3/iecb k nepBOMy caaraeMowy (hucjio -10) npaOmu.inoTCH w,* 
b KOJiii'iecTBe, KOTopoe coflcpaunca ,,o bto P om c«arae».o». (x. c. 3 000 000 

pa3).KaKMblBIWHM,CyMM a HaXOflHTCJiaOBO^bHo6blCTpo(XOTB.6cCC I 
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no, bcg paBiio ne3(|)(|)eKTHBiio, no cpaBneinno c onepaiuieii ADD). B jtom 
npHMcpe noKa3auo ncnojib30BaiiHe noflnporpaMMbi (1 icpeicypci 1 diioi i). 

Cno>KeHiie Aeyx HMcen (Bapnam 2) 

A bot 3to - peicypcHBHbiH BapnaiiT npe/ibi/iymeii nporpaMMbi: 

# PeKypcMBHoe CAO)KeHMe AByx nnce/i nyieM npn6a8/ieHMB eAMHrni 

# B TOM KO/lMMeCTBe, KOTOpOe COAepXMTCfl BO BTOpOM c/iaraeMOM 


first 

LOAD 

; flepBoe hmc/io -> b 

CTeK AaHHbIX 

rec 

CALL 

; Bbl30B pexypcMBHOM 

noAnporpaMMbi 

OUTN 



HALT 




# Ao6aBMTb K COAep)KMMOMy CTeKa A3HHblX KO/tMHeCTBO eAUHMU, 

# coAepJKamuxcfl bo STopoM c/iaraeMOM (HanpuMep, 3 = 111) 


: rec 


1 

AOD 

second 


; npOTO/lKHyTb 1 B CTeK ASHHblX 

; npn6a8MTb 1 

; yMeHbWMTb BTOpoe c/iaraeMoe Ha 1 


LOAD 

1 

SUB 

DUP 


second 


SAVE 

end 

BRZ 

rec 

CALL 

:end RET 


; Ec/ih BTopoe c/iaraeMoe paBHO 0, to BbixoA 
; HHane - pexypcHSHbiM Bbi30B 


# nepsoe c/iaraeMoe 

: first -21 

# BTopoe c/iaraeMoe 
:second 100 


# KoHeu nporpaMMw 

3 A ecb mm oriATb ciuiaAbiBaeiu ABa Miicvia (BTopoe 113 KOTopbix aoaxcho 
oi.iTb noJioxcHTeJttHMM). 06paTiirc BHHMaHHe na TO, MTO 13 nporpaMMe 
ccrb pCKypcHBiibiii Bbi30B nounporpaMMbi. 


rec 

CALL 


; HHane - peKypCMBHbw Bbi3oe 
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C 3toh nporpaMMOM npii/ieTcji «noB03HTbc*i». noxcajiyii, c/uihctucii- 
HbiH cnoco6 noiiHTb, Kc\k ona pa6oTaeT, - TmaTe;ibiio npoc;ic;um> 3 a co- 
CTOHHHeM CTena flaiiHbix h CTexa B03BpaT0B. YcjioBHe npeKpainciniB pc- 
KypcMBHbix Bbi30B0B - iiyjieBoe 3iiaMemie BToporo cjiaraeworo. 

3/ieCb >Ke MOXCHO nOCMOTpeTb, MTO np0II30H^eT, eeJIH HIICJIO peKyp- 
chbhwx Bbi 30 B 0 B npeBbiciiT AonycniMyio rjiy6miy ctcks B03BpaT0B. 3ra 
rjiy 6 mia orpaiiHHHBaeTCH eMKocTbio cTeica B03BpaT0B. H3Meinrre BTopoe 
cjiaraeMoe (iianpMMep, Ha 257) h nocMOTpine, hto npoH3oiiAeT. 


CnoweHiie noc/ieflOBaiejibHocTM nncen b naMBTM 


Cjieayioma>i nporpaMMa naxoAHT cyMMy hhccji, xpanamuxca b naMomi: 


# CyMMa suee/i b naMATM 

begin ; AApec Hana/ia noc/ieAOBaie/ibHocin 

end ; AApec KOHqa noc/ieAOBaTe/ibHocTM 

SWAP ; ycTaHOBMTb npasM/ibHbiti nopAAOK nepeA BbismaHMeM 

SUB ; Tenepb b CTeKe 3HaseiHue (END - BEGIN) = 5 

count ; CoxpaHBTb cnemHK noBTOpeHnw 

SAVE 

0 ; 0 •> b CTeK AaHHbix 

summa 

CALL 

HALT 


# floAnporpaMMa cyMMupoBaHMA noc/ieAOBaie/ibHOCTM Muce/i 
:summa NOP 

:loop begin ; CMemeHwe k osepeAHOMy Hnc/iy ot BEGIN 

count 


LOAD 

ADD ; AApec c/ieAymmero Mnc/ia b noc/ieAOBaie/ibHocTH 

LOAD 

ADD ; npn6aBHTb onepeAHoe mmc/io noc/ieAOBaie/ibHOCTM 

count ; CKOppeKTHpoeaTb chcthhk 

LOAD 

1 

SUB 

OUP 


count 

SAVE 

done 

BRN 

loop 

BR 

:DONE RET 


; Bee MMC/ia npocyMMupoeaHbi (cseTsuK < 0)? 
; CneAymmee mmc/io 
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# TecTOBbie AaHHbte 


:begin 

100 

-90 

84 

1027 

0 

900 

-5 

tend 

61 

:count 

0 

# KoHeu nporpawMbi 


3to AOBOJibiio 6ojibnian, iio ne cjio>Kiian uporpaMMa. Ba>i<no nomiTb, 
KaK Mbi onpeaejmeM Ko;innecTBO i mce;i, no/uie>Kanuix cyMMiipoBaiimo: 
nanajio nocJieAOBaTejibiiocTH micen HMeeT MeiKy begin, a Koneu - Mex- 
icy end. Pe3yjibTaT cyMMupoBaiinn lie BbiBo/nixc*i b koiicojib, a ocxaexai 

b CTene Aannbix. 


OaKTopnan 

Panee Mbi npHBo/uuiH nporpaMiuy Bbinnc^eniia (J)aKxopna./ia. Tencpb rio- 
CMOTpuM na peKypcHBHbin BapnaiiT axon >Ke riporpaMMbi: 

# (DaKTOpna/i n! (peKypCMBHbiii cnoco6) 


:fact 


IN 

; BeecTM hmc/io 

ABS 


count 

; CoxpaHmb Konrno 

SAVE 


fact 


CALL 


DROP 

; /ImiuhuPi cseTMUK noBTOpeHHM 

OUTN 

; BbieecTM pe3y/ibTaT 

HALT 


count 


LOAD 


DUP 


done 


BRZ 


MUL 


count 


LOAD 
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SUB 

count 

SAVE 

fact 

CALL 

:done RET 

’.count 0 ; CseTHHK HOBTOpeHHM 

# KoHeu nporpaMMbi 

YcjioBHeM 3aBepmeHHH peKypciin abjihctch paBeiicTBo nyjiio 3 iiawe- 

HHH count. 

3 Ta nporpaMMa ctoht Toro, hto6w ee BiiiiMaTe;ibiio iiaymrrb. B nefi 

ecTb hto yjiymuaTb, ho nepea TeM, Kai< nonbuaTbca c/iejiarb aro, ny>Kiio 

ocuoBaTejibHO pa3o6paTbC5i bo Bcex Aeiajiax n, niaBiioe, b tom, k a k 3 a- 

BepiuaiOTCH peKypcHBHbie Bbi30Bbi noAnporpaMMbi. 

BbiBOA TeKCTa 

Hn>Ke npHBOAHTCH hcxoahwh kojx nporpawMbi, KOTopaa BbiBOAHT tck- 

CTOBoe coo6meHHe b kohcojib: 

# BbiBOA TeKCTOBoro coo6memifl 


begin 

end 


AApec wasa/ia noc/ieAOBaTe/ibHOCTM cumbo/iob 
AA pec KOHua noc/ieAOBaTe/ibHocTM cmmbo/ios 
ycTaHOBMTb npaBM/ibHbifi nopflAOK nepeA BbinmaHneM 
Tenepb b CTeKe 3HaneHMe end - begin 

CoXpaHBTb CHeTHMK HOBTOpeHUM 


SWAP 

SUB 


count 

SAVE 


print 

CALL 

HALT 



CMMB0/10B 


:print NOP 

-.loop begin 


CMemeHne « onepeAHOMy snc/iy ot begin 


count 

LOAD 

ADD 

LOAD 

OUTC 

count 

LOAD 

1 

SUB 

DUP 


AApec cneAyioinero suc/ia b noc/ieAOBaie/ibHocTu 


HanesaiaTb osepeAHoPi cumbo/i 

CKOppeKTHpOBaTb CMeTHMK 
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count 

SAVE 

done 

; Bee CMMBo/ibi BbiBeAeHbi (cneTHMK < 0)? 

BRN 

loop 

; CneAyioiuee hmc/io 

BR 

:done RET 

# ASCII-KOAbl CMMBO/lOB 

coo6meHnn Hello,World! 

:begin 10 

; nepeBOA ctpokm 

72 

; Koa cnM 80 /ia H 

101 

; Koa cuMBO/ia e 

108 

; Koa cmmbo/13 1 

108 

; m t. a. 


ill 

44 

87 

111 

114 

108 

100 

:end 33 

:count 0 

# KoHeu nporpaMMbi 

B 3 toh nporpaMMe ecTb oai-ia He ( aopa6oTKa: coo6meimc « Hello, World!» 

BbiBOAHTca b nepeBepnyTOM BHfle, t. e. icaic «!dlroW,olleII». 3ty neAOpa- 

6oTKy Mbi npeziJiaraeM ycTpamiTb caMOCTOHTejibiio. 

nporpaMMa-ujyTKa 

HanocjieAOK Mbi npriBe/ieM coBceM ne6ojibiuyio nporpaMMy. rionpoovii* 

re, lie 3anycKaa ee na iicnojniciiiie, onpe/iejuiTb, i<ai<yio 3ayia i iy oua pcuia- 

eT. FIotom 3 anycTHTe h nocMOTpHTe pe3yjibTar: 

# nporpaMMa-iuyTKa 


IN 

• 

) 

BsecTM MMcyia 

IN 

OVER 

# 

9 

CAS/iaTb MX KOHMM 8 CTeXe AaHHbIX 

OVER 

ADD 

• 

9 

a+b 

DTR 

• 

9 

CoxpaHMTb b cTexe B03BpaT0B 

SUB 

• 

9 

a-b 

A6S 

% 

9 

1 a-b | 

RTD 

• 

9 

BOCCTaHOBMTb M3 CTexa B038p3T0B 

ADD 

• 

9 

a+b-|a-b| 
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SHR ; Cabut enpaBO (/2) 

OUTN 

HALT 

# KoHeu nporpaMMbi 

FIpoipoMMbi maKoio poda no-cooeMij u 31110,1 ibt, no uxcjiedyem ucnojib 3 o- 
oamb c ocmopojicHocmbio: zjisidu na nux, ouem mpydno nonumb, umo onu 
dejiaiom. Ecjiu Me ucKymeuue cjiuiukom eenuKo, mo mame npoipaMMbi cne- 
dyem miyamejibno KOMMeumupoeamb. Mnaue no npoioecmauu coqccm ne- 
6ojibuioio ope Menu Mbi ccjmu ue pa36epeMcn, nmo 3decb npoucxodum. 

B nporpaMMeaeMOHCTpupyiOTCfl onepamm riepe/uimi Aarnibix 113 cieKa 
Aaiiiibix b CTei< B03BpaT0B ii o6paTiio. Kpo\ie Toro, 3/iecb Hcno;ib3yeTCfl 

onepauHfl CABHra BnpaBO. 

YKa3aHMfl no nporpaMMMpoBaHmo 

DiaBiian cjio>KHOCTb nporpaMMHpoBaiiiia ixjih. cxeKOBoro KOMnbioTcpa 
3 aKJiiOMaeTCH b tom, mto nporpaMMHCT ROJimeu oneiib BiniMaTejibiio c;ie- 
AHTb 3 a coctoahhcm ctckob (b oco 6 eniiocTii cTeica Aaiiiibix). HanpiiMep, 
nyxcno noMHHTb, 4to bchkhh pa 3 , Koi\aa ripoiicxoAirr nepe/jana ynpaBJic- 
hmh, b cTeK Aamibix neo6xoAHMO npoTOJiKiiyTb aapec riepexoAa. Bne 3 a- 
bhchmocth ot toto, 6biJio nepe/iano ynpaBJienne iuih ueT, otot a/ipec 113 
cieKa AaHHbix 6yjxer BbiTOJiKiiyT. 

no Mepe naKonjieHHH onbiTa 6yayT Bbipa6aTbiBaxbcn 11 neo6xo/uiMbie 
naBbiKH. 3to noAo6i-io TOMy, k<xk pe6enoK ymiTca xo/uitb. Cii a h a;ia on 
xoaht, noaaepjKHBaeMbiii poAHTejiflMH, noxoM caM iianniiacT neruuiTb- 
ch - 3 a CTeiibi h Me6e;ib h, iiaKOiien, oTpbiBaeTca ot mix 11 iiact cbo6oaiio. 
Tomio Tax h b nporpaMMHpOBaniiH; noiianajiy bcc n/ier ipy/uio 11 nopon 
^ axce MyMHTejibHO, no nocTeneinio Mbi o6y i iaeMca. Taxon naBbiK mo>kiio 
npno6pecTM m/ibKO oahhm ciioco6om - pemaa 3 aAami. 


K BGpUJMHaM M3CTepCTB3 

Bot npiiMepubin cnncoK3aAaH, ua KOTopbix mo*iio nonpo6oBarbcnon cn- 
Jibi (ypoBCiib cjiojkiiocth 3W nocTeneinio B03pacTaeT k Konny cimcKa): 
O nau6oyibuiiiH o6uuin AeAHTeAb AByx nojioacincvibiibix Miicc.n; 

O KBa/ipaTbi Huceji ot m ao n; 

O Ao6aBHTb b CHCTCMy KOMaiiA onepamno miKAiniecKon nepcc vauon- 
ku Tpcx Bcpxnnx ajicMenTOB crena ROT ((-... a b c -► h... b c a); 

O .uuano m.ic .o; onpcACJiHTb - npocToe 3to mhcao coc raBuoe 
O uOMCCTliTb na KpniHiiy cxexa n-ii mcmc.it ctckb. cm.i ra>. c 0 U 
npoBepKii: ccjih n - 0 , ro aroaKuiiBaJieinuoouepanmi DUI. 
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n 1, to 3to OKBHBcUieiiTiio oncpaunn OVER). Uepeii ii 3 bacmc- 
nueM n-ro 3JieMenTa cxei<a iicoSxoahmo yAocTOBepiiTbca, mto :no 
bo3mo>kiio (t. e. npoBepHTb rjiy6miy cTeica); 

O Aana nocjieAOBaTejibiiocTb (MaccHB) mhcca; ccj)opMHpoBaTb noByio 
nocjieAOBaTejibiiocTb, b KOTopon i<a>i<Aoe Memoe mhcao 113 ucxoa- 
hoh nocjieAOBaTejibiiocTii 6 y/xej no/icjieno 11a 2 , a KajK/ioe iicmct- 
Hoe - yMHO>KeHo Ha 7 ; 

O naiiTH Bee uejibie AeJimejiH HHCJia 60; 

O B03BeAeiiHe HHCAa b uejiyio noAo>KineAbiiyio cienciib; 

O CKonupoBaTb Aamibie H3 oahoh o6jiacTii riaMATH b /ipyryio; 

O nepenHLUHTe nporpaMMy-myTKy, ncnojib3ya 6ojiec ipa/uimiomibiii 
noAXOA (nporpaMMa AOAaaia pa6oTaTb aaa aioObix KOMoimaunn 
Hwceji - h nojio)KHTejibHbix, h 0Tpimaxe;ibiibix); 

O Aano KOJiHMecTBO nacoB, MHiiyT h ceicyiiA; nepeBecTii nx b ccKyiiAbi 
(a 3aTeM o6paTHO - b Macbi, MHnyTbi h ccKyi-iAw); 

O aai-ia nocjieAOBaTeAbnocxb n Miiceji, i<a>KAOMy Mnc;iy conocxaB./ien 
Himeicc (ot 0 ao n - 1); yMiio>KHTb kbjkaoc mhcao 11 a ero hiiackc; 

O nocAeAOBaTeAbiiocTb (E>H6onaHMH aah 3aAaimoro nejioro noAoxcu- 
TeAbnoro HHCAa (HepeKypciiBiibiii n peKypciiBiibiii Bapnainbi); 

O npaBHAbHOCTb cko6ohhoh CTpyKTypbi (3Aecb naAO npiiAyMarb, icaic 
CKo6oHiiaA cTpyKTypa 6yAex npeAcxaBAena b nporpaMMc); 

O ny3bipbKOBaa copTupoBica nocAeAOBaTeAbiiocTii mhcca; 

O yAaAHTb AyOAHKaTbi b nocAeAOBaxeAbiioc ni miicca, ocTaBHB toab- 
ko no OAHOMy 3K3eMnAapy Ka>KAoro HHCAa; 

O nannuiMTe nporpaMMbi, KOTopbie peaAH3yiOT ctcic cnocooaMii, 
onncanHbiMH b npHAOAceiiMH A. 

Pa3yMeeTCA, chhcok 3aAan moaciio ripoAOA>Karb 11 npoAOA>i<aTb. Mm 
y6e>KAeilbI, MTO MHTaTeAb lie TOAbKO pailO HAM H03AH0 CIipaBHTCA c AIO- 
6 oit H3 npeAAO>Keinibix 3aAaM, no h caM naiiAer, npHAyMaer 11 peajni3yci 
Apyrne 3aAaMii, cooTBeTCTByiomne ero BKycy h ero nirrepecaM. 


BaKAKDHeHne 

Ha 3TOM 3 aKaiiMHuaexcfi uropaa aacn, Kimni o cxeKe, n nacxajio BpeMfl 
uonpaKXHKOBaxbca b cocxaB.aeumi nporpaMM Jin* cxcKOuoro KOMHbioxe- 

pa. Pa6oTa npeACTOHT He npocTaA, ho yBAei<axeAbna>i. 

Amop naACCTCA, mto CNiy yAaAOCb nepcAaTb 11 a cTpammax aroii nc- 
6 oai,uioh khhi'H cboc BOCXHiueime ctckom - ica nepBbiH B3rAHA, iieaaren- 
jmuoii n npocxoii cxpyKxypoii flaiiiiwx. Koxopaa xew nc wenee cnocoBiia 

na cTOAb MHoroe. 











Bn6Anorpa0M5i 


J\j\n Toro mto6i>i nmaTejiio Jiene 6buio opiieimipoBarbcn, ccbijikh n on6- 
JiHorpact)HH pa3Aejieiibi na necKOJibKo KaTeropnn. 

rnaBHbie 

1. AxoA., yjibMan flofc., Cemu P. KoMniiJimopbi: npmmnnbi, Tcxiiojionm, 
HiiCTpyMenTbi. M.: Bhjimimc, 2001. 

2. Bupm H. FIocTpoeiiHe KOMniumTopoB. M.: AMK npecc, 2010. 

3. Kuym/l. McKyccTBO nporpaMMupoBaiuoi. T. 1: OcnoBiibieajiropiiTMbi. 

3-e H3 jx. M.: Bhjimimc, 2004. 

4. Tipamm T., 3eJiKoaun, M. 513bi k 11 nporpaMMiipoBaiiioi: pa3paoorKa n 
peaJiH3aui-iH. 4-e H3 a. Cn6.: IIiiTep, 2002. 

CieK m «3biK nporpaMMupoBaHMfl Forth 

1. Brodie L. Thinking Forth. URL: thinking-forth sourceforge net. 

2. Conklin E., Rather E. Forth Progtammer’s Handbook. Sixth edition. 
California (USA): FORTH Inc., 2000. URL: www forth com. 

4. Koopman Ph. Stack Computers. The new Way. Mountain View 
Press (USA), 1989. URL: users ece emu edu/~koopman/stack_ 

computers/. 

5. Loeliger R. G. Threaded_interpretive_languages. URL. http// 

sinclairq! speccy.org/archivo/docs/books/Threaded_mterpretive_ 

languages.pdf. 

6. Bpoydu Jl. Hauajibiibin Kypc nporpaMMiipoBamm iia >i3biice Forth. M.: 

Ounancbi h cTaTHCTHKa, 1990. 

7. To(/)(I)oau T., Mapionyc H. Mawmibi KJieToniibix aBTOMaroB. M.: Mnp, 

1991. 


AcceM6nepbi m Bonpocbi TpaHcn^MHM 

1. BapponJJ. AcceNi6^epbi n aarpyannKH. M.: Mnp, 1974. 

2. BenJI. Bne/tenue b cncTCMiioe nporpaMMiipoBauiie. M.: Mnp, 

3. Xanmep P npoeKTiipoBauue n KOHCTpyupoBamie komiiiuuitopob. M.: 

cDuiiancbi h CTaTHCTHKa, 1984. 




6t/i6Ai/iorpacJ)t/isi ♦> 125 


OnepauMOHHbie CMCTeMbi 

1. Jiao P. Pa3pa6oTKa napa Linux. 2-e H3A. M.: Bhjimimc, 2006. 

2. Tane6ayM A., Bydxajui A. Onepamioinibie cncxcMbi: pa:jpa6onca n pea- 
jiH3amiH. 3-H3A. Cn6.: EfiiTep, 2007. 

riponee, ho OTHiOAb He BTopocieneHHoe 

1. A6ejibcon X. f CaccMan flotc . CipyKTypa h HinepiipeTamiH KOMribioTcp- 
libix nporpaMM. M.: Zlo6pocBeT; KflY, 2006. 

2 . Kappauo ripmapd Am. A6cTpaKmui ^amibix n peweime 3 aziaM na 
C++. 3-e H3A. M.: BmibHMC, 2003. 

3. Cmioapm T. Teopiifl BbiMHCJieiuiH mm nporpaMMiicxoB. M.: RMK 
npecc, 2014. 

4. Xetidepcoti 77. OynKunonajibiioe iiporpaMMiipoBamie: iipuMciicmie n 
peajiH3aunH. M.: Mup, 1983. 

5. Xozzep K. BBe^enne b jionmecKoe nporpaMMiipoBaiuie. M.: Mup, 

1988. 

6. SKKenb B. Omjiococ|)mh Java. 4-e H3A. C1I6.: nuxep, 2011. 








Cnoco6bi 

peaAM3aunM creicoB 


flpMAO)! 


Hwace Mbi npHBOAHM oniicaiiiie anyx ocuoBiibix cnoco6oB peajiii 3 amin 
CTeKa: na ocuoBe MaccwBa h CB 43aiiHoro crrncKa. 

PeaAM3aun5i CTeio Ha ocHOBe Maccwea 

MacciiB 3 a,aaeTCfl jiBywi xapaKTepHCTH i<aM h: MaKCHMajibiibiM pa3MepoM 
m TunoM Aamibix ero ajieMeiiTOB. Pa3Mep MaccHBa /tojDKeii 6 biti> flocra- 
TOMHbiM jyj\n Toro, 4To6bi hcicji iOMHTb nepeiio/meinie cTei<a. Ecjiii ecTb 
o6ocuoBaHiibie oueiiKii bo3mo>kiioh r;iy6mibi CTei<a, to oTuenrrb na stot 
B onpoc HecjioacHo; no TaK, k cojKajiennio, 6biBaeT ziajieKO ne Bceiyja, n ror- 
aa npuxoAHTca oTBozmrb naMani 3iia4HTejibno 6ojibmc, 4 cm c|)aKTH4ecKH 
MO>KeT 6bITb HCn0JIb30BaiI0. THII AamiblX 3JieMeiITOB, K3K npaBIUIO, OIIpC- 

AejuiTb riporne: earn oto ctck B03BparoB, to ajieMeiiTbi MacciiBa Ao;i>k- 
iibi 6 biTb uejioro Tima, ecjiH ctck BbiHHCJiemni - to 311160 ue.'ioro, jih 6 o 
B emecTBemioro thiiob; nacTo B 03 HHi<aeT iieo 6 xo/mMocrb b chmbojimiom 
rime (BnpOMeM, CHMBOJibHbiH thii Aamibix nepe/iKO pea/maycioi ouocpe- 

AOBaimo - 4epe3 ueji04iicjiemibie Ko/ibi chmbojiob). 

HiiHce iipiiBOAHTCH amopiiTM peaJiH3anim CTeKa 11a ociiobc MacciiBa 
(npeymojiaraeTCH, 4T0 M.accHB coctoht H 3 N aneMeHTOB uejioro mria; hh- 
AeKcamiH 3JieMeiiTOB MacciiBa na4imaeTca c 0). 

[MHMUMMM3AUMH] 

const MAXSIZE = N; 
int stack [MAXIZE]; 
int top = -1; 
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[PUSH: flPOTO/lKHyTb HOBbIM 3/1EMEHT B CTEK] 

if (top != MAXSIZE - 1) 

then 

yee/iMHHTb 3HaneHMe yKa3aie/in BepuiMHbi Ha 1: top = top + l 
npoTo/iKHyTb 3/ieMeHT b CTeK: stack [top] = element 
else own6Ka: print («CTeK nepeno/iHeH») 

[POP: BbITO/lKHyTb 3/1EMEHT M3 CTEKA] 

if (top >= 0) 

then 

BbITOnKHyTb 3/ieMeHT M3 CTeKa 

yMeHbiiiMTb 3HaseHMe yKa3aTen« BepwMHbi CTeKa Ha 1: top = top -1 
else owM6Ka: print «CTeK nycT» 


Hoebte dJieMewnbi coxpausnomcsi a Maccuoe 6 no3uu,unx c undeKcaMU 
0, 1,MAXSIZE - 1. H3ncmajibiio 3nmenue ijKa3amensi oepwuitbi cmeita 
top paono - 1 , nmo no3GOJinem Koumpojiupooamb cmex na nycrnomy - a ne- 
nycmoM cmeKe anmeuue top jiu6o 0, ru6o nojiojicumejibuo. IJpu obirruuiKu- 
QQuuu dJieMOima U3 cmeKa u3Mensiemcsi mojibKO 3nauenue yKci3aniejtsi aep- 
wuubi; com dJieMeiim (paKmunecKu ocmaemcsi o Maccuoe, no docmyn k neMiy 
nocpedcmooM yK03amejvi eepiuunbi top omcymcmoyern. 


143 ajiropHTNia cjieayeT, mto pa6oTa co ctckom 11 a ocnoue MacciiBa cbo- 
Ahtcb k aKKypaTHOMy MauHnyjiHpoBaiimo 3iiaMeHneM yKa3axejiH Bepmn- 
Hbi CTeKa top. 3 tot mctoa peajiH3amni ri03B0JiaeT 6bicipo nojiyMirrb ;io- 


CTyn k Jiio6oMy ajieMeirry CTeica (xotm noiiflTiio, mto stoh bo3mo>kiiocti>io 
ue ctoht 3^oynoTpe6jiHTb). MeTo/i peajiH3aunn CTeita na ochobc MacciiBa 
npocT, 3(j)(J)eKTHBen h JierKO peantrayeM npai<THMecKii na jiiooom M3bii<e 
nporpaMMHpoBaHHH, no e\iy npHcym pa/t iie/iocxaTKOB, Koxopbie mbcto 
/te.aaiOT ero nenpuro/iiibiM juih peuieiiMH neicoTopbix Ba>Kiii>ix 3a;iaM: 

O BepxHHH rpamma MacciiBa /tojoKiia 6biTb onpeac/iena 3apancc. Ila 
npaKTHKe 3to 03iiaMaeT, mto iiporpaMMHCT Bbinyacaen paccMinbi- 


BaTb na iianxyALuiiH BapnaiiT h pe3epBiipoBaTb naMJini iopa3/io 

6oJibiue, Me\i (J)aKTHHecKii mo>kct noTpe 6 oBaTboi; 

O MaccHB MO>KeT xpainiTb /lamibie TO/ibKO OAiioro Tima (nanpiiMCp, 
TOJIbKO MHCJia mill TOJIbKO CHMBOJIbl). 06blMlIO 31010 BIIO.I11C AO- 

CTaTOMiio, no ue Bceraa. 

Hmchho TaKOH cnoco6 peajiH3amni ctckb 6biJi Hcno;ib3onan u 1111 - 
TepnpeTaTope paciunpeHiioH ctckoboh Mammibi, o kotopom mi>i roBo- 
pHJlM BO BTopoii Mac rii khhth. nporpaMMHbin ko ji naxoainoi b (|)aiuic 

StackMachine.java (cm. npiuio^eiine C). 
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PeaAM3aunsi CTei<a Ha ocHOBe cBFBBHHoro 
cnncKa 

Tenepb Mbi noroBopiiM o btopom cnoco6e peajiH3amin CTexa - iia ociiobg 
CBH 33Hnoro cnncxa. 3tot MeTOA no3BOjmeT o6ohtm orpaiiHMeiiiiii, npn- 
cymwe MeTOAy peajiH3auHH na ocuoBe MaccHBa: 

O neT Heo6xoAHMocTW 3apanee pe3epBHpoBaTb naiwa rb aa*i npoiaji- 
KHBannH b CTeK HOBbix 3JieMeiiTOB - ona Bbi^ejuieTca /iiniaMii- 
necKH; 

O nocjie Toro xax 3 agmciit BbiTaAXHBacTCM 113 CTexa, 3ainiMacMaA hm 
naMHTb MoxceT6biTb ocBo6o>KAGiia h B03Bpamena b cBo6oAiiyio na- 

MHTb (pa3yMeeTCH, npn HaAnexcameft pea/nmm-ii-i); 

O b CBH3HHHbix cnwcxax npoiuc o6ccneHiiTb peaJIU3aUHIO ojicmcutob 
CT exa Tax, HTo6bi xa>KAbiii 3JieMeiiT Mor xpamnb Aamibie pa3AH i i- 

HblX THnOB. 

KoneMHO, y 3Toro MeTOAa ecTb 11 cboii neAociaTXH: 

O 6oAee Bbicoxan CAOxuiocTb peajiH3auHn; 

O neo6xoAHMOCTb BbiAejieima AonoAiniTCJibiion naMam ;um yxa3a- 

TeAeii; 

O Meiibujafl CKopocTb AOCTyria ic npoii3Bo;ibiibiM ajieMeiuaM ciihc- 
xa, no cpaBnenwio c \iaccnBOM (iipnxoAii rca npocMaipiiBaTb 
xa>XAbiii SJieMeHT, npoABiirancb or ajicMcm a x ajiCMemy no yxa- 

3aTeABM). 

AAropHTM peajiH3aunH CTexa 11a ociiobc CBA 3aimoro cnncxa cvicaycT 
b ocHOBiibix nepTax onncaiiHio, npeAAO>xeiiiioMy /JomuibAOM KnyroM; 
npn 3tom ncnojib3yeTca cjieAyiomaa TepMHiiojiorHa: 3 agmciit CB>i3an- 
noro cnncxa na3biBaeTcn yajioM («node»), coctoaiuhm H3 AByx nacTcii - 
no ah AaiiHbix («info») h nojm CBH3H («link»): 



NODE 


TloAe Aainibix iipeAna3na4eiio jxnn xpanennA Aamibix, a no.ie cbh- 
311 yxaabiBaeT (aApecyeT) npeAbiAymnii yaeA (t. e. yaeji, Ao6aBJieimbui 
k cniiCKy nepe/i xeKymiiM) noc/ieAHim a.'ieMeiix cruicica (x. c. <|>aKni- 
mccku Bcpunuia CTeKa) aupecyeTCJi yiosareJicM, 060.311axaeMi.iM k;ik 
<• FIRST. noae cb»3 H nocAeAHero ojieMCiixa yt<a3biBaex na nycxon yuaja 
tcau .NULL.. (pafioxasi c AHarpaMMaMH, cjie/iyex 6wxb BiniMaxc.n.m..M: 
Bepuinua cxei<a HaxoAiiTca CAeiia, a AHO - cnpaBa): 
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FIRST 


t M 




NULL 


ripeacAe Bcero Heo6xoAHMO o6cyAHTb, icaic BbiAeAAeTCA iiawaTb aaa 
HOBOrO y3Jia. IlaMATb BblAOAACTCA H3 CnilCKa CBOOO/Ulbix y3JIOB, KOTOpblH 
o6bi4HO TaioKe opranH30Ban b bhao CTei<a. Ciihcok cBo6oAiibix y 3 ;ioB 
(«ny;i naMHTH») - 3to CBoero pOAa na6op «3aroTOBoic»: ecjin nojieAainibix 
info cTeKa xpaiiHT uejibie MHCJia, to 6yjier Bbmejieno o/uio koahmcctbo na- 
mhth, ecjin BeiuecTBemibie - Apyroe, ecjin cxpoicii - Tpcibe. TaiciiM o6pa- 

30M MOXCHO BblACAMTb CTOJIbKO IIAMATH, CKOJIbKO Iieo6xOAHMO (B OTJIIIMHC 
ot MaccHBa, ajieMeiiTbi KOToporo BcerAa oAiioro Tima), n b ctcicc 6ynyr 
OflHOBpeMeHHO liaXOAIlTbCa y3AbI C pa3AHHHbIMH TIIIiaMH (il OObCMaMII 
3aHHMaeMOH iiamath) noAA info. Ha piicymce cniicoic CBo6o/uibix y3A0B 
naMHTH Bbirji^^HT npaKTHMecKH Tai< ace, icaic h CTeic (yica3aTe;ib «AVAIL» 
coAepacHT aApec nocjieAnero ajieMeiiTa cniicica CBo6o/nibix y3A0B): 


AVAIL 




NULL 


fljia nojia CBH3H link aaa Bcex y3JiOB deica o6bniiio BbiAeAAeTCA oaho 
h to ace KOAHHecTBO naMATH, a iiMemio cm/ibico, cicojibico neo6xoAHMo 
Aaa xpaneiiHA aApecoB naMATH. 

Hnace npwBOAHTCA ajiropMTM Ao6aBaeuiiA noBoro ajiCMema b creic. 
B AonoAHenwe k yica3aTejno FIRST ajiropMTM ncnojii>3yer BcnoMora- 
TeAbHbiii yica3aTeAb «NEW», npeAHa3naHeniibiM aaa xpaiiemiA aApeca 
y3Aa, KOTOpbiw CTaneT hobom BepimmoH CTeica. 

[flPOBEPMTb HA/IMHME AOCTyflHblX y3/10B M3 CflMCKA CBOBOflHbIX y3/10B] 

Ec/ih AVAIL paBeH NULL, to BbieecTM coo6iueHne «CnncoK cbo6oahbix y3- 
/ioB nycT» n 3asepujMTb pa6oiy a/iropuTMa 

[nOiiyMMTb AflPEC nEPBOTO CBOBOAHOrO y3/1A B CflMCKE CB060flHblX y3^0B] 

NEW = AVAIL 

[MCK/lKNMTb TOflbKO 4T0 BblAE/lEHHbIM y3E/l M3 CflMCKA CBOBOflHblX Y3/10B] 

AVAIL = LINK (AVAIL) 

[CBfl3ATb yKA3ATE/lb NEW CO CTEKOM] 

INFO (NEW) = <A3HHbie> 

LINK (NEW) = FIRST 
FIRST = NEW 

AjiropuTM yflajiemia yana i« CTeKa jib^ctch no cymccruy «nepeBep- 
„y TO ii» BepcHcii aJiropuTMa /lofiaBjieium uouoro 3/ieMCina n ctck: 
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[ctek nycr?] 

Ec am FIRST paeeH NULL, to BbisecTM coo6meHne «deK nycT» m 3aeep- 
ujMTb pa6oiy a/iropMTMa 

[MClOllOHMTb nEPBbIM 3/1EMEHT CI1MCKA (BEPIUHHY CTEKA)] 

FIRST = LINK (FIRST) 

[BEPHyTb MCK/llOHEHHblPi M3 CTEKA y3E/l B CnMCOK CBOBOflHOM nAMRTM] 

LINK (FIRST) = AVAIL 
AVAIL = FIRST 

06pamume enuManue, nmo ydamieMbiu U3 crneica oneMenm 6036 paw,a- 
emcsi myda Dice , omKyda on 6biJi panee obide/ien (m. e. g cnucoK coo6odnbix 
HueeK nQMSimu). Ecru omoio ne cdenamb, a npocmo u3Meitumb none cgr3u 
g cnucKe, peajiu3yiow,eM cmetc, mo ucmnonaeMbtu OReMenm OKaoicemcM «juy- 
copoM », a ccbuixa na nezo «noQucuem». 3mo pano ujiu no3dno npueedem 
k cumyaiyiu , Kozda naMxrnu a u,eROM 6onee ueM docmamo'iuo, no cnucoK 
ceo6odnbix y3noe ucuepnau. 

Mbi ne npHBOflHM nporpaMMiioii peajiii3amm axoro ajiropimia - 
MiioroHHCJieHiibie npHMepbi na pa3JiH4iibix n3bii<;ax nporpaMMiipoBaumi 
(npe>K,a.e Bcero C h C++) ;ierK 0 A 0 cxyniibi i<aic b cexii MirrepiieT, Tax 
li b MiioroMHCJieiiubix yMe6iniKax no cxpyiaypaM yj.amiL.ix. 

3aHHTpHroBaiiHbiH mixaxejib, ne 6oamiiHoi rpy/niocxeii, moxcct iio- 
npo6oBaTb cboh chjiw, peajni30BaB axox ajiropiixM b Bii/ie nporpaMMbi 
jim 1 pacuiiipeHHOM cxeKOBoii MauiHiibi (axo /leHCXBirrejibno cjio>Kiiafl 3a- 
j\ ana, xai< 4 x 0 3a nee Jiynme 6paxbca xojibKo rioc;ie xoro, k a k 6y;iex ripii- 
o6pexen aocxaxoMHbin onbix nporpaMMiiponamui 6o./iee npocxbix 3a/ia i i). 






9l3bii< Forth 


npuAo>i<eHne 



B 3T0M npHJiOHceHHH mw npuBeaeM oneiib KparKiiii o63op caMoro, rio>Ka- 
Jiyii, M3BecTHoro CTeKOBoro fl3bii<a nporpaMMiipOBaima - Forth. 3ro hc 
onncaHHe, a h Men no o63op, nosTOMy juin nacToamero noiiHMaiiiiH, mto 
npeACTaBJiaeT co6oh Forth, Jiynuie o6paTHTbcn k 6n6;iHorpa(j)iin, r;te 
yKa3anbi neKOTopwe nojie3iibie hctomiiwkh, BKJiioMaiomue b ce6a Miioro- 
4HCJiemibie npHMepbi. 

5l3biK Forth 6bui npeAAO>Keii b Koime 60-x toaob ripoiruioro Bexa 
MapJib30M Mypo\i (C11IA). B to BpeMa H. Myp aainiMajica pa3pa6oTKOH 
nporpaMMuoro o6ecneHenna ynpaBJiemia TeAecKonaMH. Hu oauh 113 cy- 
mecTByiomHX H3biKOB nporpaMMupoBanua ne 6bi;i AocTawmo 3(|xheK- 
THBHbiM ju 14 pemeirn a Taxux 3aAau, u Mypy iipimuiocb iicxarb ytpynie 


peinenna. Pe3y;ibTaTOM sthx noncKOB cTaji Forth. 

Oqeiib 6bicTpo Forth npno6pe;i orpoMiiyio nonyjiapnocTb u cra/i uc- 
no;ib30BaTbc« aaa pa3pa6oTKH nporpaMM ue tojibko b acrponoMini, iio 
11 b a pyrux o6jiacTax. nni< nonyjiapiiocTH Forth npiiuie;ica ua iiaua/io 
w cepeAuny 80-x roAOB, nocjie uero on 6 bui Bbireciieii ApyniMii >i3bii<aMn 
nporpaMMiipoBaima. Ho i<ai< cpeACTBO pa3pa6oTKU Forth ue uc i ic3, Foilh 
npoAOJi>KaeT pa3BHBaTbca u Hcno;ib3yerca upH pa3pa6oTi<e nporpaMM- 
tioro o6ecne4eniiH BCTpoenuoro o6opy/toBaiuui, ynpaBJieimn ciaiiKaMii, 
po6oTaMii, MeAHiuiucKHMH npu6opa\iH. Forth OKa3aji u npoAOJiacaer 
0Ka3biBaTb CHAbHOe BAUHHJie npH pa3pa6oTKe cucTeMiioro npoipaMM- 
iioro o6ecncHeiniM (Tpancjiaropbi h onepamiomibie cucreMbi). Heoojib- 
moii npHMep: Forth iicnoAb 3 yeTca NASA aah pa3pa6ori<ii nporpaMMiio- 
ro o6ecne4emiH kocmhhcckhx iiojictob (b MacTiiocm, MapcoxoAOB), iac 

Mpe3Bbl4aiUl0 BbICOKHC Tpe6oBailll>I K liaAOKUOCTIl 11 KOMIiaK I IIOCT1I. 

Forth B oTJiiiMiie or Apyrux aabiKOB BbicoKoro ypoBiui, upeAOCTaB.^cr 
nporpaMMHcry noAHb.u Aocryn ko bccm cocTaB.naiom.iM KOMiibiorcpa 
naMUTH M BHCUIHHM ycTpoitCTBaM; on HC <u« P mmct» OX i.po.paMM.KTa «.u 
v IC ro MTO Apyrnc aabiKH nporpaMMiipoBa.nia TiuaTCJib.io ooepuaior. Jio 
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no3BOJiHeT co3A3Baib na Forth nporpaMMbi, iiomth iie ycTynaionuie no 3 (|>- 

(|)6KT1IBH0CTH HpOfpaMMAM, HAIIHCailllblM 113 3CCeM6jICpc. Ho, 1 ) OTJIIlMlieOT 

acceMOJiepa, nporpaMMbi na Forth, kak npaBiuio, 6ojiee Acnbie n nowixnbie. 

Forth HCKjnoMHTejibHo KOMnaKTen h nepCAKO mo>kct 6bixi> pa3Mcmcn 
B naMHTH MIIKpOKOlITpOJlJiepOB. flApO 43blKa (b 3aBHCHMOCTII ot peajm- 
3aUHH) COCTaBJIfleT OT HeCKOJlbKHX KHJIo6aHT AO AeCBTKOB KHJIo6aHT, HTO 
pe3KO KOiiTpacTupyeT c ApyrHMH B3biKaMii nporpaMMHpoBaiiMfl, /yia pea- 
JlH3aUHH KOTOpbIX nOpOH Tpe6yiOTC4 AeCHTKM H COTHI1 MCra6aHT. 

B OTJiHHHe ot Apyrux 43biK0B, Forth aBxonoMen n ne ny>KAaexcA b one- 
pauHOHHOM CHCTeMe; ero mojkho 3anyci<aTb na «tojiom» o6opyAOBainni. 
Forth Hcnojib30BajiCH jxjm pa3pa6oTKH BIOS h 3arpy34iiKOB onepannoii- 
Hbix CHCTeM. Mach h Konuenmni, BnepBbie noBBiiBuiiiccB b Forth, oi<a3a- 
JlHCb 4pe3BblHailHO 5KHBy4HMH. 

Cennac Forth 3 aiiHMaeT pojib iinmeBoro 43bii<a nporpaMMiipoBainm, 
H o iieM 3iiaiOT, k coacajiemno, HeMHorne (a ncnojib3yior n xoro Mciibine). 
Ho Forth ne Hcne 3 h b o 6 o 3 phmom 6yAymeM ne ncMe3iiex: on cjihuikom 
xoporn, 4To6bi ocTHTbca TOJibKO b HCTOpHH. CjieAbi bjihhiiihi Forth o 6- 
napy>KHBaioTCH noBCiOAy; oh HacmnbKO rjiy6oi<o nponnK b coBpeMennoe 
nporpaMMHpoBamie, hto Tenepb ot Hero Tai< npocTO ne «H36aBiiTbC4». 

Ochobhoh CTpyKTyp hom eAHinmeii nporpaMMbi na >i3biKe Forth hbjib- 
eTCfl cjiogo. Cjiobo - 3 to, b cymiiocTH, to, hto B Apymx B3bii<ax na3biBaeT- 
ca noAnporpaMMOM. Run onpeAeJienna cjiOBa ncnojib3yerc4 cjieAyiomnn 
npOCTOH CHHTaKCHC: 

: MMfl_c/ioBa Te/io_c/ioBa ; 

3Aecb ABoeTOMHe (:) — t. ii. onpedensuou^ee cjiobo, c Koxoporo nannna- 
ctch onpeAeJienne noBoro cjiOBa. Cjicaom HAyT mmji ororo cjiooa h cnncoic 
onepauHH, cocTaBJiaiomnx Tejio cjiOBa. 3aBcpmaeT onpcAejienne cjiOBa 
Apy roe cjiobo, a hmcuho - TOHKa c 3 a ri axon (;). Pa3AejinxejieM moka.v aboc- 
TOHHeM, HNieiieM, TejioM h tohkoh c 33114X0114BJI4CXC4 npo6cji. Onepaunn, 
cocxaBJiaioiune Tejio cjiOBa, b cboio onepeAb, raioice hbjibioxoi cvioBaMii, 
n onii tohiio xaK >Ke AOJi>Kiibi pa3Aejiaxbca npo6ejiaMH. Hx (npo6ejioB) 
MO>KeT 6bixb cKOJibKO yxoAiio, no xoxa 6bi OAHU A0/OKCII npncyxciBOBaxb. 
Box ne6oJibmoii npHMep onpeAeJienna iioboxo cjiOBa: 


: inc 1 + ; 

3accb Mbi (nocjie ABoeTOMiia) onpeAeJiHJiii iioboc cjiobo c iimciicm me. 
3xo cjiobo yBeJiiiMimaeT 3iiaHCinie cfiocro apryMcnxa na 1. OnpcACJic- 
HHe cjiOBa saBepiuaeTca xohkoii c aaimxoii. Bee ajieMCiixw oupcAejienu>i 
paaACJiaioxoi npo6ejiaMH (b tom hhcjic ncpcA cjiobom oKauMima.omnM 

onpeflejienue). 
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Ho Kan 3TOMy oioBy nepeAaeTca apryMeiiT, na a KoropbiM nyxuio bbi- 
nojiHHTbonepauMioyBejiHMeHHH 11 a 1 ? OTBeTMO>KeTo6ecKypa>KHTb - im- 
KaK: HBnaa nepe^aMaapryMemoB b Forth oTcyrcTByer. Bee /lamibie (11 ap- 
ryMeiiTbi b tom Miicjie) b Forth nepe^aiOTca 4epe3 apiujmemuuecKuu cmei< 
(hjih emeu danubix). Ka>KAoe cjiobo b nporpaMMe na Forth o6paiuaerc^i 
k 3TOMy CTei<y 3 a apryMeiiTaMii h ocTaBJineT b 3tom >kc creKe pc3yjibTaTbi. 

TaKHM o6pa30M, ecjin ria Bepuimie cTei<a nepcA Bbi30B0M cjioea inc na- 
xoAHJiocb hhcjio 12, to nocAe Toro, i<ai< caobo 3 aKoii 4 HT cboio pa6oTy, na 
BepuiMHe CTena 6yzreT yxce miicjio 13. 

llocKOJibKy cjioBa pa6oTaioT c /xamibi mu, naxo/iamiiMiicB b apiic|)Meri i- 
necKOM CTexe, b fl3biKe cymecTByeT npeAonpeAejieiiiibiii na6op Bcrpocn- 
Hbix cjiob, nexoTopbie h 3 KOTopbix naM y>xe 3iiai<OMbi: 

DUP, DROP, OVER, SWAP, ... 


a Taioxe uejibin p ha a pyrnx. 

Pa3yMeeTC«, HMeeTCH uejibih p^iA apnc])MeTH4ecKMx onepamn-i: cjio- 
xceuHe, BbiMHTaime, yMiioxtemie m t. a- Fix MiieMomiKa b ooAbuiimcTBe 
c;iy4aeB coBnaAaeT c npuBbiHuori MaTeMaTimecKoii (+, * n t. n). rio 

cyuxecTBy, paccMOTpeHHbie riaMH Kaiioiiii4eci<aH n pacimipeniiaa ctcko- 
Bbie MauiHHbi hbahiotch npaMbiMii iiacjieAHHKaMM Forth (xoth ii oneiib 
cham-io ynpomennbiMH). 

HexoTOpbie cjioBa onpeAejieribi b HApe Forth 11 hbjihiotcji BCTpoemibi- 
mh b H3biK; ocTajibHbie - t. ii. nojib30BaiejibCKiie - onpe/iejonoroi npo- 

rpaMMHCTOM. 

OnpeAeJieima caob, i<ai< BCTpoemibix, tbk ii oiipeAC/iemibix nporpaM- 
miictom, co6iipaioTCfl H xpaiiHTCH B cnemiajibiibix crpyitrypax - cjiogg- 
pstx. CymecTByiorcHCTeMiibie c/ionapn, BiunoMaiomnc b ce6a BCTpoemibie 
cjioBa ha pa H3biita Forth. Ocrajibiibie cjioBapu - nojib30BaTejibciaie. Bbi- 
30B cjioBa npiiBOAHT k TO\iy, 4 to Forth-cucTeMa HIUCT OlipeACJIClIIIC CAOB a 

b cJioBape h iicnoAiineT ero. 

Hto ACHCTBurejibiio AcnaeT Forth yiimca/ibHbiM - xaic oto cnocoo xpa- 
iieiuiH cjiob (n BCTpoemibix, h onpeAeJieuiibix no;ib 30 BaTejieM) b cjioBapnx. 
J\jin 3Toro ncnojib3yeTc>i oflHa M 3 pa3HOBHAHOCTeM t. h. wumoio xoda, npw 
kotopom onpeAeJieiimi cjiob Kait 6bi naiiH 3 biBaiorcH 11a miTicy Apy* 3 a Apy 
tom, noAo6uo6ycHHaM. Caobb, onpeAeJiemibie noaxce, MorymcnojibsoBaTb 
CJiOBa, onpeAeJieiuibie paiibine; tbkiim o 6 pa 30 M, pa3pa6orica iiporpaiu m na 
Forth ucactcb cmi3y BBepx, otcjiob 6ojice mi 3 Koro ypomia k tviouaM oo.ice 
BbicoKoro ypoBHJi. hpn onpeACJicHHM iiobwx cjiob mu noAbaycMO. pance 
onpeACACHHbiMi! CJI 0 B 3 MH ii kbk 6w «cKJieuuacM» nx b oAiiy Koiit ipyI' 
urno - iioboc cjiobo. 3xa onepamw hocmt HOSBaiiMc «ko 11 KaTCiiannH *, 

H noaTOMy Forth mbcto naawBaioT KOHKaxci ibt11 b 11 i>im «ukom (b a«y Ka 
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9l3biK Forth 



Tcropiuo Taioice bxoaat TaKHe H3Bccnibic M3biKii, ksk PostScript 11 Factor, 
KOTopbie, no cymecTBy, hbahiotch pacinnpeiiHHMH Forth). 

Forth pacnojiaraeT pa3BHTbi\in cpeACTBaMH yiipaB;ieiuoi. YcvioimaM 
KOHCTpyKinifl HMeer cjieAyioiunn ciniTaKcuc: 

IF <HacTb-TorAa> ELSE <MacTb-BHawe> THEN 

HJIH 

IF <MacTb-TorAa> THEN 

(IF, ELSE h THEN - TaioKe cjiOBa). Cjiobo IF 6epeT ii3 ctckb JionmecKoe 
3Ha4einie n, ecjm 3 to HCTinia, BbinojniaeT <MacTb-Toma>; b ripoTMBiioM 
cjiynae <4acrb-Hiia4e> (3Ta MacTb mo>kct oTcyxcrBOBaTb). JIoniMecKoe 311 a- 
MeiiMe HCTHHbi npeAcraBAeuo jno6biM iieiiy;ieBbiM 3iia4enncM; AornuecKoe 
3iia4eHne ji>kh - iiyjieBbiM 3iia4eiineM. TaiaiM o6pa30M, ecjui 11 a Bepiiiime 
CTeKa lie 0, to 6yueT Bbinojnieiia <4acTb-Toma>, nnaMe <4acTb-ima4e>. 

CymecTByeTiiecKOJibKOBCTpoeinibixBaApo Forth cjiob, BbipaoarbiBaio- 
mnx JioruuecKoe 3iia4eiiHe: >, <, =, 0=, 0> m 0<. Fix na3iia4eiine BiioAiie 

04CBHAH0. 

KpoMe toto, b Forth wueiOTCH h uMiuinuecKiie KoncrpyKiimi. TIcpBaa 
KOHCTpyKUHH - uhka c ycAOBHe\i: 

BEGIN <sacTb-begin> WHILE <sacTb-while> REPEAT 


HJIH 


BEGIN <sacTb-begin> UNTIL 


BTOpaa KOHCTpyKUHH - UHKA CO C 4 CT 4 IIK 0 M 


DO <Te/io> LOOP 

U,HKJiH4ecKne KOHCTpyKUHH Forth ao onpeaeAeimoH creueiiu nano- 
MimaiOT UHKJibi while h for, xopouio 3iiaKOMbie no ApyriiM H3bii<aM npo- 
rpaMMiipOBaiiHH. Ycaobhh npOAOAXceiiHH h c i ier i m kh uhkaob xpanmcn 

b cTeKe Aamibix 11 b cTei<e B 03 BpaT 0 B. 

B Forth HMeeTCH B03M0*ii0CTb onpeAeAeiniH kouctaut 11 iicpeMeu- 

ubix, uanpiiMep cjieAyiomwM o6pa30M: 


0 CONSTANT FALSE 
1 CONSTANT TRUE 


(3ACCb, oMeBHAHO, onpeAeAHiOTCH ABC KOHCTaiiTbi, iipcAcraBJWiomne .10- 
runecKHe SHaneim* h hcthiim cooTBexcTBemio). Tenepb, bmccto 

MaJi 03 uaMaiunx mhc«i 0 ,i 1 b ycJioBi.wx .1 imiournecKHx KOHcrpyKuimx 
MOWHO ncn0Jlb30BaTb 60 nee noiiBTiiwe FALSE 11 TRUE 















VARIABLE age 


A B 3T0II KOliCTpy Kill lit OnpCACAMCTCH liepCMCIIIiaB C IIMI-IU M ,ig( ( |.IV. 

pact). Korfla b KaKOM-mi6yAb cjiobc 6vact itcno.ibjouaua nepe\te»ma>i 
ago, b ctck aamibix 6yAeT iiomcuich anpec 3 toh nepcMemioit (iimciiiio 
a ipec, ho lie 3naHeime, KOTopoe xpamiTcn no 3tom\ aapecy). 

rioJiyHiiTb 3HaneHHC nepcMeiiiioii ho3boabct c.iobo P (bciiomhiiti 
onucaimc KaHomiMecKOH CTeKonon Mauiiiiibi 113 nepBoii nacTii kiiiii 11) 

age @ 

nocjie Hero b CTeKe OKa^KCTCA 3 naHeiine iiepeMeimoft age. IlpiicBoiiTb 
HOBoe 3naHeiine nepeMenHoii no3BOAAeT caobo ! (oiWTb hcc, oopaniTecb 
k onucaHHio KanoHii necKOH CTeKonoii Maiminbi), kotopoc coxpaiiacT 3 na- 
neHHe na BepuiHiie CTeKa b nepcMcimoii c hmchcm age: 


He6oAbwoii npnisiep noi<a>KeT, kbk pa6oTaioT cjioua P 11 ! n> orb nepc- 
MeHHOH age cooTBCTCTByeT aapec 2500. 11 nycrb no jtomv aapct \ \pa- 
hhtch hhcjio 42. TorAa CACAyiomafl nocACAOBaTCAbiiocTb cyiob \ bo.iiimiit 

3HaneHHe no a^pecy age ao 43: 


C/IOBO 

age 

@ 

1 

+ 

age 

! 


deK noc/ie swno/iHeHMfl c/ioea 

2500 

42 

42 1 

43 

• 43 2500 


Bee onpeAeAeiniH KoncTaiiT n iiepeMcmibix xaioKc rpanc mpyioToi 

Forth-cncTeMOH h coxpainnoTCH b CAOBape. 

Pa3y\ieeTCA, b Forth ecTb CAOBa aaa paOoTbi c naMMXbio, co cTpoKawn, 
CAOBa aaa opraiiH3aunH BBOAa/BbiBOAa, a xaioxe cAooa aaa paooibi co 

CAOBapeM H C 03 AaiHIA CoOcTBCIllIblX OIipCACAAlOUUIX CAOB (nOMIIMO ABoe- 
tohiia) Bee 3to o6ecne4HBaer Forth iieoObiKiioucmiyio ruoKoc \ i>, Aaico- 
HHHHOcTb h KOMHaKTHOCTb, npaBAa. sa cnex .fCKoxopoi. iioxepii liar/IAA" 
hocth. Be3 lieKOTopon npHBbiHKH Miiraib nporpaMMbi na Forth hcaci ko, 
ho 3TO - HecymecTBeHHoe nperuiTCTBiie, Koxopoe ycxpaioicxoi hoc ie nc- 

cKOAi>KHX ypoKOB h ynpaaaieiiHH. 

Ha 3TOM Mbi aaBepuiaeM o6aop *3UKa nporpaMMiipoBaniw Forth 
h npc/uiaracM, lie onaiaabmaa d AOJirmi aiumk, nonpo6o B aTb h 3 uk b acac. 





npMAO>l<eHHe V. 

CTei< 

M COBpeMeHHbie flBblKl/l 

nporpaMMMpoeaHMFi 


PeajiH3aunH MHorHX coBpeMemibix n3bii<OB nporpaMMiipOBamm 6a3Hpy- 
iotc5i Ha CTexe. Bepiiee 6yAeT CKa3aTb, mto odbeKTiibiii koa, nojiyHaiomnii- 
ca b pe3yjibTaTe TpancAAUHM hcxoahux koaob nporpaMM na 3Tiix B3bii<ax 
nporpaMMupoBamiH, npeACTaBAaeT co6oh ne mo imoe, i<ai< iincTpyKniiii 
Aaa onpeAejieinioH ctckoboh Maiumibi. 

CaiubiMH, noKaJiytf, H3BecTiibiMii npHMcpaMii xaiaix n3bii<0B mbjimioxoi 

H3bIKH Java M C#. 

McxoAHbie KOAbi na n3bii<e nporpaMMupoBamm Java rpaiicjnipyior- 
CA B 6aiiT-KOA JVM (Java Virtual Machine). Ainuionmno iicxoAiiwe 
KOAbi na «3biKe nporpaMiunpoBaunn C# (h Apyrwx n3bii<0B, iioaac|)>kii- 
BaeMbix iuiaT(j)opMOH .NET) TpancAnpyioxca b 6anx-KOA CIL (Common 
Intermediate Language). M JVM, n CIL npeACxaB./imox codon cxexoBbie 

Mauillllbl. 

rioCJie TpaHCJIHIUiH HCXOAHbIX KOAOB npOI'paMM I) Oaii r-KOAbl I10C. ICA- 
mie MoryT 6biTb HcnoAiieiibi (miTepiipeTHpoBanbi) cooxBexcxByiomiiMii 

BHpTyaJIbllbIMH MaiumiaMH. 

B 6aHT-Koaw JVM u CIL MoryT 6 i.iti> OTTpaiicJinponaiibi ne tojibko 
nporpaMMbi ua Java n C# cootbctctdchho. riocKOJibKy cnemic|)iiKamni 
si ux BiipTyajibUbix MauiHH ony6^nKOBanu n hmciotoi bcc iicoOxo/uimwc 
uncTpyMCHTbi, TO nn» aio6oro aabiKa uporpaMMupoBanua npi. *eaanmi 
MOMCCT6biTb HanHcaHTpaHCJMTop b iiyxoibrii (uejieBOH) fianx-Ko/i Taxm 
0 6pa30M, nporpaMMHcr moxcct Hcno/.b30Baxb mo6ou 
ponaiuw. Wi» Koroporo iimcctck xpancAaxop u 6aux-KOA. Cm icok xax.ix 
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peajiH3aunH BccbMa Beanx (necicojibKo accatkob), u on iioctoaiiiio npo- 
AOJDKacT nonojiHBTbCH. CicaxeeM, cyuuecTByioT TpaiicaATopbi b 6 aMT-KOA 
JVM TaKHX nonyaapiibix H3biKOB nporpaMMHpoBanna, kbk C, Lisp, Forth 
(Aa-Aa, h Forth Toace), JavaScript, Lua, Pascal, PFIP, Python n Ruby. Jinn 

naaT(j)opMbi .NET TaioKe cymecTByer BiiyuiiiTeabiibiH cniicoK A 3 bncoB 

nporpaMMHpoBaiiHa. 

Hto AaeT TaKaa TpancaauiiH b 6aHT-KOA? To, mto a ah cro itcnoaiicmia 


AOCTaTOMiio oahoh BHpTyajibiioH Maiuiiiibi, a b npoeKTax Moaciio iicnoab- 
30BaTb caMbie pa3iibie H3biKH nporpaMMHpoBaiiHH, ne oco6eimo oecno- 
KOHCb o tom, iok CB«3biBaTb noayHeinibie riocae rpaiicaamiii o6beKTiibie 
koah Apyr c ApyroM. 

3to - npeBocxoAiiaa Texiioaorna, no, icaic Bceraa, unuero ne aacioi aa- 
poM. BaiiT-KOAbi npn Hcnoaiieinin o6bnino OKa3biBaioTcn 6oaee Meaaen- 
iibiMii, new o6bei<THbie (Mainninibie) koabi nnn KoiiKpernoro nponeccopa. 
Jinn pemenna npo6aeM c npoii3BOAHTeabiiocTbio uinpoKO ncrioab3yiorca 
TexHoaorun JIT (Just I n Time, nan KOMnnaanna na aexy), npii Koropoii 
6aHT-KOA (Becb hah uacTimiio) ripeo6pa3yeTcn b Mamiiinibiii koa iiciio- 
cpeACTBeHno bo BpeMA pa6oTbi nporpaMMbi. JIT-Texiioaonm 3iiauiiTeab- 
ho noBbiwaioT cKOpocxb HcnoanenHA, npii6ana<aa ee k cKopocm Mainnii- 


noro KOAa. 

Ecah Bbi pemme nonpoboBaTb cboii cnabi b co3Aaiiiin Tpancaa ropon, 
reHepHpyiomnx 6aHT-KOAbi aaa Bbibpainion BiipTyaabiion \iammibi, bbi 
Aoaauibi 6biTb roTOBbi k TpyAiion paboTe: ciiemi(|)iiKannu Biipryaabiibix 
Niauinu AaaeKO ne npocTbi, h na hx noiiHMaiine npnaeTca noTpaniTb ue- 
Maao cha n BpeMenn. Ho Aopory ochaht iiAynuiii. 









npnAO>i<eHne 


HcXOAHbie KOAbl 

TpaHCAflTOpa 
m MHTspnpsTaTopa 


Hnace npHBeAeiibi HCXOAHbie koam TpaiicjiHTOpa n HHTepnpCTaTopa pac- 
imipeiiHOH creKOBoii MauiHHbi, KOiopaa 6buia omicana bo BTOpoi-i nacTii 
khhth. Jinn TpaiicjiflmiH Hcxo/uibix koaob neo6xoAHM JDK Bcpcmi 7/8 


(nocjie iiecymecTBemibix HcnpaBiieiiiiii ncxo/nibix koaob mo>kiio ncrioAb- 
30BaTb li Java 6, ho mm He peKOMeimyeM oToro AeJiaTb). 

HeKOTOpbie yi<a3aiiHfl aah tcx, i<to Majio 3iiai<OM (hah bobcc hc 3iia- 
kom) c H3MKOM nporpaMMHpOBaHHfl Java h y Koro Majio onbiTa konhiujih- 
miu ncxoAHbix koaob java-nporpaMM 113 KOMaiunioii cTpoiai. 

ripe>KAe Bcero coxpaiiHTe wcxoAUbie koam b (|)ariJiax c pacniiipeiiiieM 


java; Bcero aoa>kiio 6biTb nHTb (JjaifAOB: 

O Toy Stack Machine.jaw, 

O OpcocleTable.java ; 

O SymbolTablejava; 

O Assembler.java; 

O Stack Machine.java. 

Bee nHTb HCXOAHblX (])aHJIOB AOAHClIbl IiaXOAHTbCH b iiaKcre (i. e. B Ka- 

Tajiore) toystackmachine. 

PeniCTp chmbojiob B HMenax nweeT 3 iiaHeinie (na btom mcc re, k co>Ka;ie- 
mno, « C noTi,iKaioTCH» homth Bee HaMHuaiomne nporpaMMiipoBaTb iiajava). 
rioApo6noe oimcanne bccx (J)ai*Aon npuBeAeiio bo BTopoii MacTii Kimm. 

Tenepb ncxo/uibie koam uy>KHO oTKOMiuiAnponaTb. Ecvm nu uc itc- 
nojibsyere IDE, to BbiftwiTe na KaTaJiora toystackmachine 11 imeanu 

KOMaiiAy* 





javac toy stackmachine/* .java 

(o6paTHTe BiiHMaiiHe na KOManay - ona /uxiDKiia BBo/niTbca tom no raK, 
KaK Mbi yi<a3ajm). Ecjih bw Hcnojib3yeTe IDE, to noHinnxe, i<ai< mohcho 

OTKOMmiJiiipoBaTb Bam npoeKT (i<ai< upaBiuio, Taiwan Kiioinca pacnojiara- 
eTCH Ha caMOM bhahom Mecre). 

Ecjih npH komhhjmlihh hc 6y;ieT oiiih6ok, to b KaTajiore toystackma- 
chine 6y/iyT cc|)opMHpoBaiibi class-c])aiijibi, coAepjKauuie 6aHT-Ko/ibi. 
Tenepb npiiJioaceiiHe mo>kiio 3anycTiiTb cjieAyiomeii KOMan/ioii: 

java toy stackmachine. ToyStackMachine 

(oriHTb-TaKH, 6yAbTe BiiHMaTejibiibi - KOManjia AOJOKiia 6brrb oBc/icna 
HMeuHO TaK, Kai< Mbi yi<a3ajiH). B Koncojib 6y/ieT BbiBc/ieno y>i<e 3iiai<o- 

Moe npnrjiameHHe: 

+++++++++++++++++++++++++++++++++ 

+ Assembler for ToyStackMachine + 

+++++++++++++++++++++++++++++++++ 

Source file name: 

Bot h Bee: BBeAHTe hma (Jjanjia iicxo/uioro ico/ia nporpaMMbi pacimi- 
peimoH CTeKOBOH MamHiibi (no yMOjmainiio 3th ([jaii/ibi aojokiiw pacno- 
jiaraTbcn Biie KaTajiora toystackmachine) h «iiacjiajuiTecb» pe3yjibTara- 
mh AOJiroH h TpyzuiOH pa6oTbi. 

AA/lEE 

C/lEflyiOT MCXOAHblE KOAbl 
BCEX nflTM 0AW10B, COCTAB/lflKXUHX 

flPHAO)KEHHE 


ToyStackMachine 
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